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ABSTRACT
E ig h teen  m ale s u b je c ts  p a r t i c ip a te d  in  an in v e s t ig a t io n  to  exam ine
th e  e f f e c t s  o f s t a t i c ,  dynam ic, and com bination  work ( s t a t i c  and
dynam ic) on th e  v a r ia b le s  h e a r t  r a t e ,  s y s t o l i c  and d i a s t o l i c  blood
p re s s u re ,  p r e s s u re  r a t e  p ro d u c t, and maximal oxygen consum ption 
»
(VO2  m ax). The s u b je c t s ,  who w ere a l l  f r e e  from  any c a rd io v a s c u la r  
p rob lem s, w ere d iv id e d  in to  3 g roups based  on t h e i r  maximum oxygen 
consum ption l e v e l s .  The h ig h  (Group I ) ,  m oderate  (Group 2 ) ,  and low 
(Group 3) a e ro b ic  c a p a c ity  groups had mean VO  ^ max l e v e l s  o f  64, 55, 
and 47 ml*kg'*^.min“ ^ ,  r e s p e c t iv e ly .  Each s u b je c t  perform ed a  s t a t i c  
t e s t  (h o ld in g  a  w eigh ted  b r i e f  c a s e ) ,  a dynamic t e s t  (w alking on a 
t r e a d m il l )  and a  com bination  t e s t  (h o ld in g  a  w eigh ted  b r i e f  c a se  w h ile  
w alk ing  on a  t r e a d m i l l ) .  W orkloads f o r  a l l  s u b je c t s  w ere r e l a t i v e  to  
t h e i r  VC  ^ max l e v e l  and to  t h e i r  maximum v o lu n ta ry  c o n t ra c t io n .  In  
a d d i t io n  to  th e  s t a t i c  t e s t ,  dynamic t e s t ,  and th e  com bination  t e s t ,  
w hich w ere c o u n te r-b a la n c e d  to  p re v e n t any o rd e r in g  e f f e c t ,  th e  su b jec ts  
a ls o  perform ed two maximal t r e a d m il l  t e s t s  in  o rd e r  to  o b se rv e  w hether 
s t a t i c  c o n t r a c t io n s  d u rin g  maximal work would in c re a s e  VOj max. The 
f i r s t  was a  s ta n d a rd  dynamic t r e a d m i l l  t e s t  w h ile  th e  second fo llow ed  
th e  same p ro to c o l w ith  th e  a d d i t io n  o f a  s t a t i c  component d u rin g  th e  
l a s t  2 m in u te s .
S t a t i s t i c a l  a n a ly s i s  (MANOVA, ANOVA, D uncan 's M u ltip le  Range 
T e s t)  re v e a le d  th a t  a e ro b ic  f i t n e s s  l e v e l  d id  n o t a f f e c t  th e  h e a r t  
r a t e ,  b lood p re s s u re ,  o r  p r e s s u r e - r a te  p ro d u c t re sp o n se  to  th e  th r e e  
ty p e s  o f  work exam ined. F u rth e rm o re , max was n o t in c re a s e d  by th e  
a d d i t io n  o f  s t a t i c  work d u rin g  a  maximal t e s t .  H eart r a t e  and p re s s u re  
r a t e  p ro d u c t w ere s ig n i f i c a n t l y  h ig h e r  (j) ^ .0 5 ) d u r in g  com bination
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work th a n  d u rin g  dynamic w ork, and d u rin g  dynamic work th e y  w ere 
s i g n i f i c a n t l y  h ig h e r  th a n  d u rin g  s t a t i c  w ork. D ia s to l ic  blood p re s ­
su re s  w ere s ig n i f i c a n t l y  d i f f e r e n t  a c ro s s  a l l  th r e e  modes o f work. 
O rdered from  h ig h  to  low , th e y  w ere s t a t i c  work, com bination  w ork, 
and dynamic work. S y s to l ic  g lood  p re s s u re  was s ig n i f i c a n t l y  h ig h e r  
f o r  com bination  work, b u t m easures ta k e n  d u rin g  s t a t i c  and dynamic 
work w ere n o t s ig n i f i c a n t l y  d i f f e r e n t .
v l i i
CHAPTER 1
INTRODUCTION
C a rd io v a sc u la r  R esponses to  S t a t i c  Work
A lthough  th e  c a rd io v a s c u la r  changes t h a t  occu r w h ile  p erfo rm ing  
dynamic o r  s t a t i c  e x e rc is e  have been s tu d ie d  e x te n s iv e ly ,  r e l a t i v e l y  
l i t t l e  a t t e n t i o n  has  been c o n c e n tra te d  on th e  hemodynamic e f f e c t s  o f  
combined dynam ic and s t a t i c  w ork. T here h as  been c o n s is te n c y  In  th e  
l i t e r a t u r e  r e g a rd in g  th e  c a rd io v a s c u la r  re sp o n se s  d u r in g  s t a t i c  and 
dynamic w ork. However, th e r e  h a s  been d isag reem en t ab o u t th e  c a r d io ­
v a s c u la r  changes o c c u rr in g  d u rin g  com bination  work (dynamic p lu s  s t a t i c ) .
L lndhard  (1920) was th e  f i r s t  to  r e p o r t  on th e  c a rd io v a s c u la r  and 
r e s p i r a t o r y  re s p o n se s  to  s t a t i c  w ork. He n o ted  th a t  s t a t i c  c o n t ra c t io n s  
occ luded  th e  b lood  flo w  to  th e  m u sc le s . S in ce  th e n ,  many re s e a r c h e r s  
have in v e s t ig a te d  th e  e f f e c t s  o f  s t a t i c  c o n t ra c t io n s  on b lood  p re s s u re  
(B P), h e a r t  r a t e  (HR), c a rd ia c  o u tp u t ,  b lood  flo w , p e r ip h e r a l  v a s c u la r  
r e s i s t a n c e ,  and v e n t i l a t i o n .
S y s to l ic  and d i a s t o l i c  BP have been n o te d  to  in c re a s e  d u rin g  hand­
g r ip  c o n t r a c t io n s  (Humphrey & L in d , 1963; L ind & M cNicol, 1965; L ind , 
T a y lo r , Humphreys, K en n e lly , & D onald, 19 6 4 ), and th e  d e g re e  o f  BP 
e le v a t io n  i s  in f lu e n c e d  by th e  p e rc e n ta g e  o f  th e  maximum v o lu n ta ry  
c o n t r a c t io n  (MVC) and n o t by th e  a b s o lu te  f o r c e  in v o lv ed  (L ind &
M cN icol, 1 9 6 7 a ) . I n  a d d i t io n ,  when two d i f f e r e n t  m uscle  g roups con­
t r a c t  s im u lta n e o u s ly  a t  i d e n t i c a l  p e rc e n ta g e s  o f t h e i r  MVC, th e  BP 
re s p o n se  i s  th e  same a s  i f  o n ly  one o f  th e  m uscle  g ro u p s was c o n t r a c t in g .
1
2I f  two d i f f e r e n t  m uscles  c o n t r a c t  a t  d i f f e r e n t  p e rc e n ta g e s  o f  t h e i r  
r e s p e c t iv e  MVC, th e n  th e  p r e s s u re  re sp o n se  I s  de te rm in ed  by th e  
m uscle  c o n t r a c t in g  a t  th e  h ig h e r  r e l a t i v e  p e rc e n ta g e  o f  I t s  MVC 
(L ind & M cNicol, 1967a, 1968).
H e a rt r a t e  in c re a s e s  can  be seen  In  l e s s  th a n  1 second a f t e r  th e  
I n i t i a t i o n  o f  an  Iso m e tr ic  c o n t r a c t io n  (F re y sc h u ss , 19 7 0 ), b u t q u ic k ly  
re a c h  a  s te a d y  s t a t e  l e v e l  i f  th e  c o n t r a c t io n  I s  s u s ta in e d  below  15Z of 
MVC (Lind & M cNicol, 196 7 c), At s u s ta in e d  te n s io n s  above 15% o f MVC 
HR, BP, and c a rd ia c  o u tp u t a l l  c o n t in u e  to  r i s e  In  an  ap p ro x im a te ly  
l i n e a r  fa s h io n  (Humphreys & L in d , 19 6 3 ). However, i t  i s  uncommon to  
f in d  HR v a lu e s  above 120 beats*m ln~^ a t  th e  p o in t  when s u b je c t s  can  no 
lo n g e r  m a in ta in  a  s p e c if ie d  p e rc e n ta g e  o f t h e i r  MVC (L in d , 1970 ).
C a rd io v a sc u la r  R esponses to  Dynamic Work
The c a rd io v a s c u la r  re sp o n se s  to  dynamic work show many d i f f e r e n c e s  
from  th o s e  d e s c r ib e d  f o r  s t a t i c  e f f o r t .  The key to  th e  d i f f e r e n c e s  
l i e s  In  th e  f a c t  t h a t  g e n e r a l ly  d u rin g  dynamic work l a r g e r  m uscle  m asses 
a r e  In vo lved  and th e  b lood f lo w  to  th e  m uscle  I s  n o t reduced  to  th e  
e x te n t  t h a t  i t  I s  d u r in g  s t a t i c  w ork. I f  l a r g e  m uscle  .m asses a r e  In ­
v o lv e d , a s  In  ru n n in g , HR In c re a s e s  to  m eet th e  demands f o r  b o th  oxygen 
and h e a t  t r a n s p o r t .  V a s o d ila t io n  in  th e  c o n t r a c t in g  m u sc le s , fo llo w ed  
by cu tan eo u s  v a s o d i l a t io n ,  r e s u l t s  In  a  d e c re a s e  i n  t o t a l  p e r ip h e r a l  
r e s i s t a n c e  (A stran d  & R odahl, 1977; MacDonald, S ap ru , T a y lo r , & D onald, 
19 6 6 ). The f a l l  o f  p e r ip h e r a l  v a s c u la r  r e s i s t a n c e  allow B th e  a c t i v e  
m uscle  to  b e  p e rfu se d  w ith  b lood  w ith  o n ly  a  sm a ll r i s e  in  BP d u rin g  
m ild  rh y th m ic a l c o n t r a c t io n s  (L ind & M cN icol, 1 9 6 7 c).
3C a rd io v a sc u la r  R esponses to  Combined S t a t i c  and Dynamic Work,
A lthough th e r e  I s  some d isag reem en t re g a rd in g  th e  c a rd io v a s c u la r  
e f f e c t s  from  com bination  w ork, th e  m a jo r i ty  o f  ev id en ce  s u g g e s ts  t h a t  
combined work h as  a  h ig h e r  p h y s io lo g ic a l  c o s t  th a n  th e  sum o f  e q u iv a le n t 
l e v e l s  o f dynamic and s t a t i c  work done s e p a r a te ly  (Ja c k so n , R eeves, 
S h e f f ie ld ,  & Burdeshaw, 1973; L ind & M cNicol, 1965; Sanchez, Monod, & 
Chabaud, 19 7 9 ). T h is  augm en ta tion  co u ld  p la c e  p e rso n s  who have co ro n ary  
h e a r t  d i s e a s e  In  d an g e r.
Angina n o rm ally  fo llo w s  a  r i s e  In  th e  work o f  th e  myocardium to  a 
l e v e l  w hich i s  e s s e n t i a l l y  f ix e d  In  each  p a t i e n t .  The l e v e l  a t  w hich 
an g in a  b e g in s  i s  c o n s i s te n t ly  r e l a t e d  to  th e  p ro d u c t o f  HR and s y s to l i c  
BP (R obinson, 1967). Any s t a t i c  e x e r t io n ,  w hich o f te n  o c c u rs  sudden ly  
in  everyday  l i f e ,  can  p la c e  a  p e rso n  c lo s e  to  dangerous c i r c u l a t o r y  
o v e rlo a d  w ith  l i t t l e  w arn in g . " A irp o r t  A ngina", w hich i s  a  se v e re  and 
u n expec ted  an g in a  t h a t  some p e rso n s  e x p e rie n c e  w h ile  w alk ing  a t  a  norm al 
r a t e  th ro u g h  an a i r p o r t  w h ile  c a r ry in g  a  b r ie f c a s e  o r  s u i t c a s e ,  r e p r e ­
s e n ts  t h i s  s i t u a t i o n  v e ry  c l e a r ly  (Jack so n  e t  a l . ,  1973 ).
R esponses to  A erobic T ra in in g
T ra in in g  by a e ro b ic  a c t i v i t i e s  i s  known to  d e c re a se  a r t e r i a l  BP 
and HR and to  in c re a s e  m y o card ia l e f f i c i e n c y ,  e f f ic ie n c y  o f  p e r ip h e r a l  
b lood d i s t r i b u t i o n  and r e t u r n ,  and re d  b lood  c e l l  m ass, a l l  o f  which 
can  in c re a s e  maximal l e v e l s  o f oxygen consum ption  and th e r e f o r e  in c re a s e  
a e ro b ic  perfo rm ance (C la rk e , 1972). A q u e s tio n  w hich n eed s  to  be  , 
a d d re sse d  i s  w hether o r  n o t a e ro b ic  t r a i n in g  can  re d u c e  th e  c a rd io ­
v a s c u la r  s t r e s s e s  imposed upon th e  body d u rin g  co m b in a tio n  work ( s t a t i c  
and dynamic com bined). One method o f  answ ering  t h i s  i s  by com paring
4low , m o d e ra te , and h ig h ly  a e r o b ic a l ly  t r a in e d  g roups un d er th r e e  
d i f f e r e n t  c o n d i t io n s ;  (1 ) s t a t i c  work; (2 ) dynamic w ork; and (3) a 
com b in atio n  o f  s t a t i c  and dynamic work. A h ig h ly  a e r o b ic a l ly  t r a in e d  
group  would be  ex p ec ted  to  resp o n d  w ith  low er a r t e r i a l  BP, HR, and 
p r e s s u r e - r a t e  p ro d u c t (PKP) th a n  th e  low er a e ro b ic  c a p a c i ty  g ro u p s . I f  
such  a consequence o f  t h i s  p r e d ic t io n  shou ld  be s u b s ta n t i a te d ,  th e r e  
would be  a d d i t io n a l  su p p o rt f o r  a e ro b ic  t r a i n in g  o f  b o th  norm al p e rso n s  
and th o s e  w ith  h e a r t  d is e a s e .
Review o f L i t e r a t u r e
C a rd io v a s c u la r  R esponses to  S t a t i c  Work
S t a t i c  ( is o m e tr ic )  c o n t r a c t io n s  do n o t c o n s t i t u t e  work a c c o rd in g  to  
p h y s ic a l  la w s , s in c e  no e x te r n a l  movement o c c u rs .  However, th e  m uscle  
f i b e r s  do change in  le n g th ,  w hich r e q u i r e s  th e  u s e  o f energy  and can  be 
v e ry  f a t i g u in g  i f  th e  b lood  flow  to  th e  m uscle  i s  n o t ad e q u a te  to  renew  
th e  s u b s t r a t e  u t i l i z e d  in  th e  m uscle  c o n t r a c t io n .  I t  i s  common to  
d e s c r ib e  s t a t i c  work in  te rm s o f  th e  p ro d u c t o f  developed  te n s io n  m ul­
t i p l i e d  by th e  tim e  o f  c o n t r a c t io n  (A strand  & R odahl, 1977 ). A lthough 
p u re ly  s t a t i c  work i s  an  u n u su a l o c c u rre n c e  in  d a l l y  a c t i v i t i e s ,  
c a rd io v a s c u la r  re sp o n se s  have been  e x te n s iv e ly  docum ented in  th e  l i t e r a ­
t u r e .
L lndhard  (1920) d is c o v e re d  t h a t  d u r in g  th e  re c o v e ry  p e r io d  fo llo w ­
in g  a  s tro n g  c o n t r a c t io n  in  w hich th e  s u b je c t  had hung by th e  hands 
from  a  beam w ith  f le x e d -  armB ( p u l l - u p  p o s i t i o n ) , a  g r e a t e r  I n c re a s e  in  
oxygen u p ta k e  and c a rd ia c  o u tp u t o c c u rre d  th a n  th a t  observ ed  d u r in g  th e  
a c tu a l  c o n t r a c t io n .  He concluded  from  t h i s  re c o v e ry  d a ta  t h a t  d u rin g  
th e  p e r io d  o f  c o n t r a c t io n  th e  m u sc les  w ere occ lu d ed  by m echan ica l
com p ressio n . S in ce  th e n ,  many g roups o f  r e s e a r c h e r s  have in v e s t ig a te d  
t h i s  phenomenon. Asmussen and Hansen (1938) n o te d  an  im m ediate In c re a s e  
in  oxygen u p ta k e , s t r o k e  volum e (SV), HR, and BP when th e y  had s u b je c ts  
push  w ith  b o th  le g s  a g a in s t  a  dynam ometer. D uring re c o v e ry , oxygen 
u p ta k e  and c a rd ia c  o u tp u t in c re a se d  s l i g h t l y  and th e n  dropped tow ard 
r e s t i n g  v a lu e s ,  w h ile  BF and HR dropped im m ed ia te ly .
H eart R a te
By f a r  th e  m ost e x te n s iv e ly  re p o r te d  c a rd io v a s c u la r  re sp o n se s  to  
s t a t i c  work have been on HR and BF. Alam and Sm irk (1938) I n f l a t e d  a  
sphygmomanometer c u f f  p la c e d  around  one a n k le  to  a  p r e s s u r e  o f  200 mm Hg, 
w hich a r r e s t e d  th e  b lood  flo w  th ro u g h  th e  f o o t .  The f o o t  was th e n  ex­
e r c is e d  by a l t e r n a t e  d o r s i  and p la n ta r  f l e x io n  o f  th e  t o e s .  I n  a  s e r i e s  
o f  o v e r 30 ex p erim en ts  i t  was observed  t h a t ,  when e x e r c is e  was perform ed 
by th e  c a l f  m u sc les  w h ile  th e  b lood  flo w  was o c c lu d e d , th e  HR in c re a se d  
and rem ained  e le v a te d  an  a v e ra g e  o f  11 bea ts*m in“ l  a f t e r  c e s s a t io n  o f  
e x e r c is e  i f  o c c lu s io n  was m a in ta in e d . Upon r e e s t a b l i s h in g  c i r c u l a t i o n  
th e  HR in c re a s e d  s l i g h t l y  b e fo re  r e tu r n in g  to  norm al v a lu e s  in  1 to  2 
m in. T h is  tem porary  a c c e le r a t io n  o f  th e  p u ls e  accom panied by hyperpnea 
was b e lie v e d  to  be cau sed  by th e  a c t io n  o f  th e  m e ta b o l i te s  w hich w ere 
r e le a s e d  from  th e  le g s  in to  th e  g e n e ra l c i r c u l a t i o n .  Alam and Smirk 
(1938) a l s o  perform ed  a  s im i la r  experim en t w ith o u t o c c lu s io n  o f th e  
b lood  f lo w . T h is  experim en t in d ic a te d  t h a t  th e  m a in ten an ce  o f  a  h ig h  
p u ls e  r a t e  fo llo w in g  e x e r c is e  i s  dependen t upon th e  a r r e s t  o f  th e  , 
c i r c u l a t i o n .  When th e  b lood  f lo w  to  th e  l e g s  was o c c lu d e d , b u t no 
e x e r c is e  was p erfo rm ed , l i t t l e  change in  p u ls e  r a t e  was o b se rv ed  f o r  
th e  f i r s t  10 min o f  o c c lu s io n .  T hese r e s u l t s  In d ic a te d  t h a t  m e ta b o l i te s
6form ed d u rin g  m uscu lar e x e rc is e  and r e ta in e d  In  th e  m uscles by th e  
a r r e s t  o f  t h e  c i r c u l a t i o n  caused  th e  p u ls e - a c c e le r a t in g  r e f l e x .
Knox (1951) a tte m p te d  to  s e p a ra te  th e  e f f e c t s  o f  an e x e r c is e  con­
ta in in g  b o th  s t a t i c  and dynamic com ponents on HR. S u b je c ts  i n i t i a l l y  
p u lle d  on s p r in g s  w ith  b o th  arm s and h e ld  t h i s  s t r e t c h  f o r  20 s e c . 
S u b seq u en tly , th e  s u b je c t s  moved t h e i r  arm s In  th e  same way, b u t w ith  
no te n s io n  in  th e  s p r in g s .  H ea rt r a t e  in  th e  dynamic experim en t sub­
t r a c te d  from  th e  HRs in  th e  dynamic p lu s  s t a t i c  experim ent in d ic a te d  
th a t  th e  s t a t i c  e f f o r t  caused  a  HR In c re a s e  o f  abou t 10 b e a ts -m in - ^ 
a f t e r  20 s e c . Knox concluded  th a t  b o th  s t a t i c  and dynamic e x e r c is e  
a f f e c t  HR and t h a t  th e  e f f e c t s  a r e  a d d i t iv e .  T u t t le  and H orvath  (1957) 
s u b s ta n t i a te d  th e  e f f e c t s  o f  s t a t i c  work on HR by hav ing  t h e i r  s u b je c ts  
sq u eeze  a  hand dynamometer a t  maximum e f f o r t  f o r  one m in u te . The HR 
in c re a s e d  from  66 to  93 b e a ts .m in - ^ w ith in  15 sec  and showed o n ly  a 
m odera te  in c re a s e  to  97 bea ts«m in~ l a t  th e  end o f  45 sec o f  w ork.
In  an  a t te m p t to  d e te rm in e  th e  cau se  o f  in c re a se d  HR d u r in g  s t a t i c  
e x e r c is e ,  MacDonald e t  a l .  (1966) compared HR re sp o n se s  to  s u s ta in e d  
h an d g rip  c o n t r a c t io n s  a t  30% MVC un d er two c o n d i t io n s :  (1 ) norm al
c o n t r a c t io n  and (2 ) c o n t r a c t io n  a f t e r  10 mg o f  p ro p ra n o lo l had been 
I n je c te d  In tra v e n o u s ly . The HR re sp o n se  d u rin g  th e  han d g rip  c o n t r a c t io n  
fo llo w in g  a d m in is t r a t io n  o f  p ro p ra n o lo l was found to  be s i g n i f i c a n t l y  
in c re a s e d  o v er t h a t  d u r in g  th e  c o n t r a c t io n  w ith o u t p ro p ra n o lo l when 
ex p re ssed  a s  a  p e rc e n ta g e  o f  th e  r e s t i n g  v a lu e .  I t  was f e l t  t h a t  a 
p a r t  o f  th e  HR re sp o n se  to  th e  c o n t r a c t io n  was a d re n e rg ic  i n  n a tu r e ,  
a lth o u g h  th e  r a p id  In c re a s e  in  HR a t  th e  i n i t i a t i o n  o f  a  c o n t r a c t io n  
su g g es ted  t h a t  p r im a r i ly  n e u ra l  r a th e r  th a n  hum oral mechanisms w ere 
In v o lv ed .
7F rey sch u ss  (1970) a l s o  used  10 mg o f  p ro p ra n o lo l in  a  s im i la r  
experim en t b u t found e s s e n t i a l l y  no d i f f e r e n c e  in  th e  m agnitude o f  th e  
HR In c re a s e  when compared to  c o n t r a c t io n s  w ith o u t p ro p ra n o lo l p r e s e n t .  
The d e v ia t io n  betw een th e  f in d in g s  o f  MacDonald e t  a l .  (1966) and 
F rey sch u ss  (1970) m ight be e x p la in e d  by th e  f a c t  t h a t  th e  HR was 
m easured a t  d i f f e r e n t  tim e  I n te r v a l s  from  th e  s t a r t  o f  th e  c o n t r a c t io n ,
7 sec  and 60 s e c , r e s p e c t iv e ly .  F rey sch u ss  (1970) and MacDonald e t  a l .  
(1966) ag ree d  t h a t  p ro p ra n o lo l d id  m od ify , b u t n o t a b o l i s h ,  th e  HR 
re sp o n se  to  s t a t i c  work by b lo c k in g  th e  b e ta -a d re n e rg ic  r e c e p to r s ,  and 
th a t  a t  l e a s t  p a r t  o f  th e  HR re sp o n se  d u rin g  e x e rc is e  was p o s s ib ly  a 
r e s u l t  o f  v a g a l i n h i b i t i o n .  F e tro ,  H o lla n d e r , and Bouman (1970) con­
c u rre d  and f u r th e r  su g g es ted  t h a t  th e  m uscle  s p in d le s  m ight be  inv o lv ed  
in  th e  r e f l e x  d e c re a se  o f  v a g a l dom inance,
Lind and McNicol (1967a, 1968) re p o r te d  t h a t ,  when two o r  more 
m uscle  g ro u p s c o n tra c te d  a t  th e  same r e l a t i v e  te n s io n ,  th e  HR re sp o n se  
was th e  same w hether th e y  c o n tra c te d  to g e th e r  o r  s e p a r a te ly .  T h is  
f in d in g  was s u b s ta n t ia te d  in  1970 by F re y sc h u ss . F u rth erm o re , i f  two 
o r  more m u sc le  g roups c o n t r a c t  s im u lta n e o u s ly  a t  d i f f e r e n t  r e l a t i v e  
te n s io n s ,  th e  HR re sp o n se  was d e te rm in ed  by th e  m uscle  group c o n t r a c t in g  
a t  th e  h ig h e r  r e l a t i v e  te n s io n .
A d d itio n a l s tu d ie s  o f  th e  HR re sp o n se  to  is o m e tr ic  c o n t r a c t io n s  
have been re p o r te d  by B ruce, L in d , F ra n k lin ,  Miilx, MacDonald, M cNicol, 
and Donald (1968) who examined th e  e f f e c t s  o f f a t i g u e  on HR d u rin g  
e x h a u s tiv e  e x e r c is e .  A m odest in c re a s e  In  HR o f  23 b ea ts•m in “ l  wab 
o b serv ed  a t  th e  i n s t a n t  th e  s u b je c t  co u ld  no lo n g e r  ho ld  a  c o n t ra c t io n  
a t  30% MVC. The HR f e l l  a b ru p t ly  a f t e r  th e  c o n t r a c t io n  ended. These
8r e s u l t s  w ere in  agreem ent w ith  e a r l i e r  work by Lind and McNicol (1967c) 
and p o in t  to  th e  im portance o f  n e u ra l  c o n t r o l l i n g  f a c t o r s .
Blood P re s s u re
The l i t e r a t u r e  i s  r e p l e t e  w ith  th e  e f f e c t s  o f  Iso m e tr ic  c o n tra c ­
t i o n s  on BP. As e a r ly  a s  1877, G a sk e ll d e s c r ib e d  th e  r e l a t io n s h ip  
betw een m uscu lar a c t i v i t y  and blood flow  to  a c t i v e  m u sc le s . G ask e ll 
d e s c r ib e d  two opposing  f e a t u r e s :  (1 ) a  lo c a l  v a s o d i l a t io n  o f  th e  lo c a l
v e s s e l s  w hich he deduced to  be caused  by a  su b s ta n c e  r e le a s e d  from  th e  
m u sc le s , and (2 ) a  t h r o t t l i n g  e f f e c t  (m echan ica l c o n s t r i c t io n )  o f  th e  
b lood  v e s s e l s  by th e  com pression  o f  th e  c o n t ra c t in g  m uscle f i b e r s .  
L indhard  (1920) a l s o  re p o r te d  t h a t  o c c lu s io n  o f  b lood  flo w  in  th e  
m u sc les  was caused  by m ech an ica l com pression  o f  th e  b lood  v e s s e l s  
d u rin g  m uscu la r c o n t r a c t io n s .
However, i t  was n o t u n t i l  1937 t h a t  th e  mechanism r e s p o n s ib le  f o r  
th e  in c re a s e d  BP d u rin g  Iso m e tr ic  c o n t ra c t io n s  was e x c lu s iv e ly  i n v e s t i ­
g a te d .  Alam and Sm irk (1937) observ ed  a  BP r a i s i n g  r e f l e x  a r i s i n g  from  
m u scu la r e x e r c is e  o f  a  lim b  when th e  c i r c u l a t i o n  th ro u g h  i t s  w orking 
m u sc les  was a r r e s t e d  by m ech an ica l p r e s s u r e .  They concluded  th a t  th e  
r i s e  in  BP was caused  by th e  p a ssa g e  o f  n e rv e  im p u lses  o u t from  th e  
e x e rc is e d  m uscle  and  t h a t  th e s e  n e rv e  im p u lses  w ere caused  by th e  
a cc u m u la tio n  o f m e ta b o l i te s  in  th e  m u sc le . When th e s e  m e ta b o li te s  w ere 
m a in ta in e d  in  th e  m uscle  by lo c a l  a r r e s t  o f th e  c i r c u l a t i o n ,  th e  BP 
r e f l e x  was m a in ta in e d . Blood p re s s u r e  was found to  In c re a s e  b e fo re  
many s u b je c t s  r e p o r te d  e x p e rie n c in g  p a in ,  and BP f e l l  a t  o nce  when 
c i r c u l a t i o n  th ro u g h  th e  lim b  was r e - e s t a b l i s h e d ,  in d ic a t in g  th a t  
a d r e n a l in e  was n o t th e  BP r a i s i n g  s tim u lu s  (Alam & Sm irk , 1937;
Humphrey & L in d , 1963).
9Thompson (1954) re p o r te d  t h a t  is o m e tr ic  work caused  a  s ig n i f i c a n t  
r i s e  In  d i a s t o l i c  p r e s s u re  and suggested  t h a t  th e  cau se  was r e f l e x iv e  
In  n a tu r e .  S im ila r  r e s u l t s  w ere r e p o r te d  by T u t t l e  and H orvath  (1957) 
who had s u b je c t s  squeeze a  hand dynamometer a t  maximum e f f o r t  f o r  1 m in. 
S y s to l ic  and d i a s t o l i c  BF ro s e  from  a  r e s t i n g  v a lu e  o f 120/82 to  
161/109 mm Hg a t  th e  end o f  work. R esearch  by Whipp and D avis (1970) 
s u b s ta n t ia te d  t h i s  r i s e  in  d i a s t o l i c  p r e s s u re .
Lind e t  a l .  (1964) m easured c a rd ia c  o u tp u t ,  fo rea rm  blood  flo w , 
a o r t i c  BP, and HR in  s u b je c t s  perfo rm ing  h an d g rip  c o n t ra c t io n s  a t  10 ,
30, and 50% MVC w h ile  in  th e  su p in e  p o s i t i o n .  The s u s ta in e d  h an d g rip  
c o n t ra c t io n s  caused  an  a b ru p t r i s e  in  BF w hich re tu rn e d  to  norm al 
w ith in  1 min a f t e r  c o n t r a c t io n  had ended. T h is  BP r i s e  was shown to  be 
due to  a  r i s e  in  c a rd ia c  o u tp u t w hich , in  tu r n ,  was dependen t on an  
in c re a s e  in  HR. The sy stem ic  v a s c u la r  r e s i s t a n c e  showed l i t t l e  o r  no 
change , and th e  SV d id  n o t  in c re a s e  a t  any tim e  d u rin g  th e  c o n t r a c t io n s  
and in  f a c t  d ec re a se d  in  a  number o f  in s ta n c e s  a t  th e  h ig h e r  l e v e l s  o f 
e x e r t io n .  Compared to  th e  re sp o n se  to  dynam ic e x e r c is e ,  th e r e  was a  
d is p r o p o r t io n a te  r i s e  in  c a rd ia c  o u tp u t in  r e l a t i o n  to  th e  in c re a s e  o f 
oxygen u p ta k e . The f a c t  t h a t  th e  m uscle  r e c e iv in g  an  In a d e q u a te  b lood 
su p p ly  can  invoke pow erfu l c e n t r a l  c i r c u l a t o r y  r e f l e x e s  d es ig n ed  to  
in c re a s e  i t s  p e r fu s io n  p r e s s u re  and c i r c u l a t i o n ,  and th e  f a c t  t h a t  t h i s  
r e f l e x  o c c u rs  i n  th e  p re se n c e  o f  com ple te  c i r c u l a t o r y  o c c lu s io n ,  
in d ic a te s  an  a f f e r e n t  n e u ra l  pathw ay.
T hese r e s u l t s  w ere In  agreem ent w ith  r e s e a r c h  by S ta u n to n , T ay lo r 
and Donald (1964) who p o s tu la te d  t h a t  a c t i v e  c o n t r a c t io n  o f  m uscle  c e l l s  
under n a t u r a l l y  o r  a r t i f i c a l l y  o c c u rr in g  ischem ic c o n d i t io n s  caused  
s t im u la t io n  o f  lo c a l  r e c e p to r s ,  r e s p o n s ib le  f o r  i n i t i a t i n g  and
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m a in ta in in g  a  p re s s o r  r e f l e x .  T h is  p re s s o r  r e f l e x  o p e ra te s  such  th a t  
p e r fu s io n  p r e s s u re  p ro g re s s iv e ly , In c re a s e s  a s  b lood  flow  becomes in ­
a d e q u a te  f o r  m e ta b o lic  re q u ire m e n ts  o r  f o r  th e  rem oval o f m e ta b o l i te s .  
T h is  in c re a s e  in  p e r fu s io n  p r e s s u re  i s  p o te n t ia te d  by e x te rn a l  v a s c u la r  
o c c lu s io n  to  th e  w orking m u sc le .
Blood Flow
A lthough v a s o d i l a t i o n  o c c u rs  in  a  m uscle d u rin g  a  c o n t r a c t io n ,  
b lood  flo w  i s  o f te n  h in d e red  by th e  m echan ica l com pression  o f  th e  
v e s s e l s  by th e  c o n t r a c t in g  m u sc le s . B a rc ro f t  and M ille n  (1939) r e ­
p o r te d  t h a t  b lood  flo w  th ro u g h  th e  c a l f  m uscles  d u rin g  s u s ta in e d  
c o n t r a c t io n s  was c u t  o f f  a t  a  te n s io n  o f l e s s  th a n  20% o f MVC. L a te r  
e v id en ce  s t ro n g ly  su g g es ted  th a t  th e  b lood  flo w  was n o t c u t  o f f  by 
m ech an ica l com pression  in  th e  le g s  a t  a  te n s io n  o f  20% MVC, b u t by 
" n ip p in g '1 o f  th e  a r t e r y  between sh o r te n in g  o f th e  s o le u s  and g a s t r o c ­
nem ius m u sc les  (Humphreys & L in d , 1963).
Humphreys and Lind (1963) conducted  ex p erim en ts  to  e s t im a te  th e  
te n s io n  a t  w hich in tra m u s c u la r  p r e s s u re  overcam e th e  p e r fu s io n  p r e s s u re  
o f  b lood  th ro u g h  th e  c o n t ra c t in g  m u sc le , and to  a s s e s s  th e  f u n c t io n a l  
s ig n i f i c a n c e  o f  th e  b lood  flo w  th ro u g h  th e  m uscle  d u rin g  th e  c o n t ra c ­
t i o n s .  U sing a  W hitney (1953) s t r a in -g a u g e  p le thysm ograph , Humphreys 
and Lind w ere a b le  to  show t h a t  b lood  flo w  th ro u g h  th e  fo rea rm  in c re a s ­
ed d u r in g  h an d g rip  c o n t r a c t io n s  s u s ta in e d  a t  te n s io n s  up to  a t  l e a s t  
70% MVC. At te n s io n s  above 70% MVC in tra m u s c u la r  p r e s s u r e  o cc lu d ed  
th e  b lood  su p p ly , and th e  r a t e  o f  f a t i g u e  ( th e  p o in t  a t  w hich a  s p e c i­
f i e d  p e rc e n ta g e  o f  MVC co u ld  no lo n g e r  be  h e ld )  was in v e r s e ly  r e l a t e d  
to  th e  in c r e a s e  in  m uscle  te n s io n .
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Humphreys and L ind (1963) d e te rm in ed  t h a t  th e  in c re a s e d  blood 
f lo w  went o n ly  to  a c t i v e  m u sc les  by m easuring  th e  te m p e ra tu re  in  b o th  
a c t i v e  and in a c t iv e  m u sc les  d u rin g  c o n t r a c t io n s .  M etabolism  was e l im i­
n a te d  a s  th e  m ain c a u se  o f  th e  in c re a s e  in  m uscle  te m p e ra tu re  by 
a p p ly in g  a r t e r i a l  o c c lu s io n  to  th e  c o n t r a c t in g  arm , r e s u l t i n g  in  o n ly  
a sm a ll te m p e ra tu re  In c r e a s e .  They concluded  th a t  d u rin g  s t a t i c  work 
th e  In c re a se d  b lood  flo w  goes d i r e c t l y  to  th e  a c t i v e  m uscle  and t h a t  
th e r e  was no in c re a s e  in  b lood  flo w  to  th e  in a c t iv e  m u sc le , a lth o u g h  
th e r e  was an in c re a s e  in  p e r fu s io n  p r e s s u r e .  B ecause th e r e  was an  
in c re a s e  in  BF w ith  no in c re a s e  i n  b lood  flo w  to  th e  in a c t iv e  m u sc les , 
t h i s  in d ic a te d  t h a t  th e r e  was v a s o c o n s t r ic t io n  in  th e  I n a c t iv e  m u sc le s .
F a tig u e
F a tig u e ,  o r  th e  i n a b i l i t y  to  m a in ta in  a c o n t r a c t io n  a t .  a  s p e c if ie d  
p e rc e n ta g e  o f  MVC, was I n v e s t ig a te d  by Lind and McNicol (1967b) who had 
s u b je c t s  perfo rm  s u s ta in e d  h an d g rip  c o n t r a c t io n s  from  5 to  20% MVC. 
T ensions m a in ta in e d  above 15% MVC w ere found to  e v e n tu a l ly  c a u se  a 
decrem ent in  p erfo rm an ce , w h ile  c o n t r a c t io n s  h e ld  a t  te n s io n s  below 15% 
MVC d id  n o t .  L ind e t  a l .  (1964) had e a r l i e r  re p o r te d  t h a t  m uscle  
c o n t r a c t io n s  a t  a  te n s io n  o f  10% MVC appeared  to  b e  in d e f a t ig a b le  (one 
s u b je c t  m a in ta in e d  t h i s  te n s io n  f o r  m ore th a n  1 hour w ith o u t f a t i g u e ) .  
T h is  le d  to  th e  c o n c lu s io n  t h a t  a t  t e n s io n s  below  15% MVC th e  b lood  
su p p ly  to  th e  m u sc les  was a d e q u a te  f o r  th e  m e ta b o lic  n e e d s . A lso , in  
th e  norm al p h y s io lo g ic a l  s t a t e ,  th e  b lo o d  p e r fu s io n  o f  th e  m u sc les  
d u rin g  and a f t e r  c o n t r a c t io n s  i s  r e l a t e d  to  t h e  m e ta b o lic  re q u ire m e n ts  
o f  th e  m u sc le . Any p o s t - e x e r c i s e  hyperem ia fo llo w in g  s u s ta in e d  con­
t r a c t i o n s  b e a rs  a  c lo s e  r e l a t i o n s h ip  t o  th e  m etabo lism  o f  th e  a c t iv e  
m u sc le .
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Endurance
M uscle endurance i s  a f f e c te d  by blood flow  (B a rc ro f t  & M ille n , 
1939; Lind & M cNicol, 1967b; S t a r t  & Holmes, 19 6 3 ), m o tiv a tio n  
(Johnson  & N elson , 1967; Simonson, 19 7 1 ), and te m p e ra tu re  (C la rk e , 
H e llo n , & L ind , 1958; L in d , 19 5 9 ). B ruce e t  a l .  (1968) conducted  a  
a e r i e s  o f experim en ts  to  e s t a b l i s h  th e  r e p r o d u c ib i l i ty  o f  re sp o n se s  to  
h an d g rip  c o n t ra c t io n s  o v er a  10-day  p e r io d .  A n a ly s is  o f  th e  10-day 
s e r i e s  showed th a t  th e  most re p ro d u c ib le  m easurem ent, having  a 
c o e f f i c i e n t  o f  v a r i a t i o n  o f  4.5%, was th e  MVC perform ed a t  th e  s t a r t  o f 
each  ex p e rim en t. The av e ra g e  d u ra t io n  o f any o f  3 s u c c e s s iv e  c o n tra c ­
t i o n s  s u s ta in e d  a t  a  te n s io n  o f  30% MVC had a  c o e f f i c i e n t  o f  v a r i a t i o n  
o f ab o u t 20% f o r  th e  i n i t i a l  2 d ay s and f e l l  to  7% f o r  th e  l a s t  2 days 
o f  t e s t i n g .  B oth  HR and BF v a lu e s  rem ained th e  same a t  th e  p o in t  o f 
f a t i g u e  d u rin g  a l l  c o n t r a c t io n s .
K ro ll  (1968) re p o r te d  t h a t  lo w - le v e l  s t r e n g th  g roups fa t ig u e d  more 
s lo w ly  th e n  h ig h -  and m id d le - le v e l  s t r e n g th  g ro u p s . A 2 0 - lb  d i f f e r e n c e  
in  maximum s t r e n g th  e x is te d  betw een each  o f  th e  th r e e  g ro u p s . These 
r e s u l t s  su g g es ted  t h a t  th e  Impediment o f  b lood  f lo w , w hich i s  th e  m ain 
c o n t r ib u to r  to  f a t i g u e  in  s t a t i c  work, m igh t depend upon th e  a b s o lu te  
r a t h e r  th a n  th e  r e l a t i v e  m uscle  te n s io n .  I t  a p p e a rs  from  s im i la r  
r e s u l t s  r e p o r te d  by Mundale (1970) t h a t  r e l a t i v e  is o m e tr ic  g r ip  en­
d u ra n c e  i s  in v e rs e ly  r e l a t e d  to  th e  a b s o lu te  is o m e tr ic  g r ip  s t r e n g th  
and th e  c o n t r a c t io n  tim e . M undale concluded  t h a t  "w eaker s u b je c t s  can  
m a in ta in  a  h ig h e r  p ro p o r tio n  o f  t h e i r  maximal s t r e n g th  d u rin g  p ro longed  
a c t i v i t y  th a n  th o s e  w ith  s u p e r io r  s t r e n g th ."
R ecovery o f  th e  a b i l i t y  to  e x e r t  maximum te n s io n  a f t e r  f a t i g u e  in  
is o m e tr ic  c o n t r a c t io n s  perform ed a t  o n e - th i rd  o f  MVC was 90% com plete
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in  7 min and 100% com plete  a f t e r  20 min (L in d , 19 5 9 ). However, 
re c o v e ry  to  m a in ta in  maximum d u ra t io n  f o r  a s u s ta in e d  c o n t r a c t io n  a t  
o n e - th i rd  maximum te n s io n  was o n ly  70 to  75% com ple te  a f t e r  40 m in, 
and f u l l  re c o v e ry  to o k  s e v e ra l  h o u rs  (L ind & M cNicol, 196 7 a).
S tephens and T ay lo r (1972) r e p o r te d  t h a t  f a t i g u e  o f  m a in ta in ed  
MVC o c c u rs  in  two p h a se s . In  th e  f i r s t ,  l a s t i n g  f o r  around 1 m in, 
f o r c e  f a l l s  to  ab o u t 50% MVC, and in  th e  second ph ase  f o r c e  f a l l s  a t  
a  r e l a t i v e l y  slow er r a t e  th a n  in  ph ase  one. They in te r p r e te d  t h e i r  
r e s u l t s  a s  in d ic a t in g  t h a t  f a t i g u e  a r i s e s  i n i t i a l l y  from  neurom uscu lar 
ju n c t io n  f a t i g u e ,  bu t l a t e r  c o n t r a c t i l e  elem ent f a t i g u e  becomes p ro ­
g r e s s iv e ly  more Im p o rta n t. B ecause th e  b lood  supp ly  i s  c u t  o f f  d u r in g  
th e  f i r s t  s ta g e ,  a r t e r i a l  o c c lu s io n  would make no d i f f e r e n c e  In  th e  
p ro g re s s  o f f a t i g u e .  However, d u r in g  th e  second s ta g e  a s  f o r c e  f a l l s ,  
b lood  flow  r e tu r n s  to  th e  m uscle ; and f a t i g u e  p ro g re s s e s  l i t t l e  f u r th e r  
u n le s s  o c c lu s io n  i s  m a in ta in ed  by e x te r n a l  m ech an ica l co m pression .
R ecovery from  s t a t i c  work i s  much f a s t e r  th a n  from  dynamic work. 
L i t t l e ,  i f  an y , oxygen d e b t i s  in c u rre d  (L ind e t  a l . ,  1964; K i t t l e  & 
H orvath , 195 7 ); and BP and HR u s u a l ly  have r e tu rn e d  to  r e s t i n g  l e v e l s  
w ith in  1 m in u te  a f t e r  c e s s a t io n  o f  e x e r c is e .  Simonson (1971) d is c u s s e s  
many o th e r  c a u se s  o f f a t i g u e  d u rin g  s t a t i c  work in  a d d i t io n  to  th o s e  
m entioned  above.
P ap e rs  p u b lish e d  In  1967 (D onald , L in d , M cNicol, Humphreys, T ay lo r 
& S ta u n to n ; L ind & McNicol c )  and in  1968 (L ind  & M cNicol) p re s e n t  
e x c e l le n t  rev ie w s  o f  th e  c a rd io v a s c u la r  re sp o n se s  to  s t a t i c  c o n tra c ­
t i o n s .  The d e g re e  o f  BP e le v a t io n  was re p o r te d  to  be  in f lu e n c e d  by 
(1 ) th e  p e rc e n ta g e  o f  th e  MVC o f th e  m uscle  i s o m e t r ic a l ly  c o n t r a c t in g  
and n o t o f th e  a b s o lu te  mass In v o lv ed ; (2 ) i f  two d i f f e r e n t  m uscle
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groups c o n tra c te d  s im u lta n e o u s ly  a t  i d e n t i c a l  p e rc e n ta g e s  o f  t h e i r  
MVC, th e  BP re sp o n se  was th e  same a s  I f  o n ly  one o f  th e  m uscle  g roups 
was c o n t r a c t in g ;  and (3) i f  two d i f f e r e n t  m uscles  c o n t r a c t  a t  d i f f e r e n t  
p e rc e n ta g e s  o f  t h e i r  r e s p e c t iv e  MVC, th e n  th e  p re s s u re  re sp o n se  i s  
d e te rm in ed  by th e  m uscle  c o n t ra c t in g  a t  th e  h ig h e r  r e l a t i v e  p e rc e n ta g e  
o f  i t s  MVC.
P e rc e n ta g e  o f  MVC a s  a  d e te rm in a n t h a s  r e c e n t ly  been q u es tio n ed  
by Buck, Amundsen, and N ie lse n  (1 9 8 0 ); F reund , Hobbs, and Row ell (1 978 ); 
and S a l t i n ,  M itc h e l l ,  S ch ibye and Payne (1 9 7 8 ). Buck e t  a l .  (1980) 
e v a lu a te d  s y s t o l i c  BP re sp o n se s  d u rin g  is o m e tr ic  c o n t r a c t io n s  o f la r g e  
and sm a ll m uscle  g roups and r e p o r te d  t h a t  B y s to lic  BP in c re a s e d  more 
r a p id ly  and reach ed  h ig h e r  a b s o lu te  l e v e l s  d u rin g  f a t ig u in g  han d g rip  
c o n t r a c t io n s  a t  40% MVC compared to  s im i la r  c o n t r a c t io n s  o f  index  
f in g e r  a d d u c to r  m u sc le s . L ind and McNicol (1967a) had su g g es ted  th a t  
a  low er l i m i t  o f  m uscle  mass may e x i s t  w hich i s  r e q u ire d  to  e l i c i t  a 
maximal p r e s s o r  re sp o n se  to  a  s u s ta in e d  m uscle  c o n t r a c t io n .  T h is  
co u ld  e x p la in  th e  d i f f e r e n c e s  betw een th e  r e s u l t s  o f  th e  two s tu d ie s .
McCloskey and S t r e a t f e i l d  (1975) s u b s ta n t ia te d  th e  Im portance 
o f  p e rc e n ta g e  MVC by exam ining th e  p re s s o r  re sp o n se s  to  h an d g rip  and 
f in g e r  e x e r c is e .  However, Buck e t  a l .  (1980) d is a g re e d  w ith  McCloskey 
and S t r e a t f e i l d * 8 f in d in g s ,  m a in ta in in g  t h a t  th e r e  was no s ig n i f i c a n t  
d i f f e r e n c e  betw een th e  m uscle  m ass o f  th e  index  f in g e r  a d d u c to r  m uscle  
and th e  f l e x o r s  o f  th e  l i t t l e  f i n g e r .  Buck e t  a l .  (1980) a l s o  b e lie v e d  
t h a t  a d d i t io n a l  m uscle re c ru i tm e n t had o c c u rre d  In  th e  s tu d ie s  by Lind 
and McNicol (1967a) and by McCloskey and S t r e a t f e i l d  (1975) w hich may 
have a f f e c te d  t h e i r  r e s u l t s .  T h is  was based  upon th e  f a c t  t h a t ,  
d u r in g  a  s u s ta in e d  Iso m e tric  h a n d g rip  c o n t r a c t io n ,  a  p ro g re s s iv e
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sp read  o f  e x c i t a t io n  to  s y n e r g is t i c  m uscles  o c c u rs  a s  f a t i g u e  ensues 
(Ramos, M undale, Awad, W itso e , C o le , O lson & K o ttk e , 19 7 3 ). The amount 
o f  re c ru i tm e n t and th e  r i s e  in  BF w ere r e l a t e d  to  th e  d e g re e  o f  in te n ­
s i t y  and d u ra t io n  o f  th e  c o n t r a c t io n .
C a rd io v a sc u la r  R esponses to  Dynamic Work
Dynamic work i s  c e r t a in l y  th e  m ost common ty p e  o f  w ork. Whenever 
an  e x te rn a l  m ass i s  moved some d is ta n c e ,  dynamic work can  be q u a n t i f ie d  
a s  a  p ro d u c t o f th e  developed  f o r c e  m u l t ip l ie d  by th e  v e r t i c a l  d is p la c e ­
ment (A stran d  & R odahl, 1977 ). Dynamic work can  be observed  o f te n  in  
d a y - to -d a y  a c t i v i t i e s  such  a s  w alk ing  and ru n n in g . A djustm ents made by 
th e  c a rd io v a s c u la r  system  to  dynamic work have been e x te n s iv e ly  r e p o r te d ,  
so w i l l  n o t be documented in  d e t a i l  h e re .  A c u rso ry  rev iew  o f th e  
e f f e c t s  o f  dynamic work on BF, p e r ip h e r a l  r e s i s t a n c e ,  b lood  flow  d i s t r i ­
b u tio n , HR, and SV w i l l  be g iv e n .
Blood P re s su re
Blood p re s s u re  d u rin g  dynamic work has  been re p o r te d  to  respond  
v e ry  d i f f e r e n t l y  from  th a t  d u rin g  s t a t i c  work (B ruce e t  a l . ,  1968; L in d , 
e t  a l . ,  1964; L ind & M cNicol, 1967c; T u t t l e  & H o rv a th , 1 9 5 7 ). N orm ally , 
th e  s y s t o l i c  p re s s u re  i s  in c re a s e d  d u rin g  e x e r t io n ,  and th e  amount o f  
in c re a s e  i s  dependent upon th e  s e v e r i ty  o f  e x e r t io n .  The d i a s t o l i c  
p r e s s u re  rem a in s  unchanged o r  m igh t d e c re a s e  o r  in c re a s e  o n ly  s l i g h t l y ,
w h ile  th e  mean p re s s u re  in c re a s e s  in  p ro p o r t io n  to  th e  in c re a s e s  in
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s y s t o l i c  and d i a s t o l i c  p r e s s u r e s .
A r t e r i a l  BF i s  in f lu e n c e d  by (1 ) c a rd ia c  o u tp u t ,  (2 ) p e r ip h e ra l  
r e s i s t a n c e ,  (3 ) e l a s t i c i t y  o f  th e  a r t e r i e s ,  (4 ) v i s c o s i t y  o f  th e  b lo o d , 
and (5) b lood  volum e (A stran d  & R odahl, 19 7 7 ). D uring dynamic e x e r c is e ,
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c a rd ia c  o u tp u t and p e r ip h e r a l  r e s i s t a n c e  a r e  th e  m ain d e te rm in a n ts  o f 
th e  BP re sp o n se . W ith in c re a s in g  l e v e l s  o f  dynamic w ork, th e  c a rd ia c  
o u tp u t i s  in c re a se d  in  re sp o n se  to  an  in c re a s e  in  HR.
I t  i s  Im p o rtan t to  u s e  a  s ta n d a rd  p ro ced u re  in  th e  m easurem ent o f  
BP, b ecause  th e  method by w hich BP i s  de te rm in ed  and th e  lo c a t io n  o f  
m easurem ent a r e  im p o rtan t c o n s id e r a t io n s  in  o b ta in in g  r e l i a b l e  and 
v a l id  m easurem ents. S y s to l ic  p r e s s u re  n o rm ally  in c r e a s e s ,  and d i a s t o l i c  
p r e s s u re  d e c re a se s  a s  th e  p o in t  o f  m easurem ent moves from  th e  a o r t a  to  
more p e r ip h e r a l  a r t e r i e s  a t  r e s t  (McDonald, 1960) and d u rin g  u p r ig h t  
e x e rc is e  (R ow ell, Brenglem ann, Blackmon, B ruce & M urray, 1968 ). 
K uhlem eier (1972) re p o r te d  a c o r r e l a t i o n  o f  r  -  .96  betw een ln v a s iv e ly  
m easured a o r t i c  and a u s c u l t a to r y  m easured b r a c h ia l  mean b lood  p r e s s u r e s ,  
in d ic a t in g  th a t  an  e x e r c is e  t e s t  w hich e s t im a te s  c e n t r a l  p e r s s u re s  from  
p e r ip h e r a l  p r e s s u re s  i s  f e a s i b l e .
P e r ip h e r a l  R e s is ta n c e  and Blood Flow D is t r ib u t io n
The norm al re sp o n se  to  dynamic e x e r c is e  i s  a  d i l a t i o n  o f  blood 
v e s s e l s  in  th e  a c t iv e  m u sc les  (and l a t e r  in  th e  s k in  to  re d u c e  body 
h e a t)  and a  c o n s t r i c t i o n  o f  v e s s e l s  In  th e  s p la n c h n ic ,  r e n a l ,  and 
h e p a t ic  b ed s . As a  r e s u l t  o f  th e s e  ch an g es , sy stem ic  v a s c u la r  r e s i s ­
ta n c e  may f a l l  a s  much a s  50% o f th e  l e v e l  found a t  r e s t  (L ind  & M cNicol, 
1 9 6 7 a). T h is  f a l l  in  r e s i s t a n c e  o b sc u re s  th e  s ig n i f i c a n t  v i s c e r a l  
v a s o c o n s t r ic t io n ,  th e re b y  m a in ta in in g  mean a r t e r i a l  p r e s s u re  (Row ell 
e t  a l . ,  1968 ).
Blood flo w  i s  In c re a se d  to  th e  a c t i v e  m u sc les  a s  d i l a t i o n  o f  t h e i r  
v e s s e ls  o c c u rs  in  p ro p o r t io n  to  th e  m e ta b o lic  demand and i s  shun ted  
away from  th e  v i s c e r a l  a r e a  where i t  i s  n o t v i t a l l y  n eed ed . In  g e n e ra l ,
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blood  flo w  to  th e  non-w orking m uscles and I n te r n a l  o rg an s  (e x c e p t th e  
h e a r t )  d e c re a s e s ,  and th a t  to  th e  w orking m u sc les  in c re a s e s  in  p ro p o r­
t i o n  to  th e  w ork load , w h ile  c e r e b r a l  b lood  flo w  rem ain s  c o n s ta n t  
th ro u g h o u t e x e r c is e .
H e a rt R a te , S tro k e  Volume, and C ard iac  O utput
I t  i s  w e ll e s ta b l i s h e d  t h a t  HR In c re a s e s  l i n e a r l y  w ith  in c re a s in g  
w orkload (A stran d  & R odahl, 1977 ). N orm ally , th e  HR in c re a s e  i s  
r e l a t i v e l y  l a r g e  a t  th e  s t a r t  o f  e x e rc is e  and th e n  n e a rs  s te a d y  s t a t e  
w ith in  30 to  60 sec i f  th e  work i s  l i g h t  o r  m odera te  (d e V rie s , 1 9 8 0 ). 
However, a t  h ig h e r  w ork loads a  s te a d y  s t a t e  may n o t be a c h ie v e d ; and 
HR may re a c h  maximal l e v e l s  s h o r t ly  b e fo re  ex h a u s tio n  o c c u rs .  Normal 
l i m i t s  have been d e te rm in ed  f o r  maximal HR l e v e l s  f o r  each  y e a r  o f  a g e , 
and th e r e  i s  a  g ra d u a l d e c l in e  in  maximal HR w ith  in c re a s in g  age 
( E l l e s t a d ,  A lle n , Wan, Kemp, 19 6 9 ). Maximal HRs a r e  around 200 
b ea ts* m ln ~ l in  h e a l th y  young men, b u t a s ta n d a rd  d e v ia t io n  o f  ± 10 
b e a ts -m in - !  e x i s t s  f o r  maximal HR d u r in g  e x e r c is e .
S tro k e  volum e a l s o  in c re a s e s  d u rin g  u p r ig h t  dynamic ex e rc lB e  and 
re a c h e s  a  maximal v a lu e  a t  a w orkload w ith  an  oxygen u p ta k e  o f  ab o u t 
40% o f  t h e  mflvfimim and a  HR o f ab o u t 110 -  120 b e a ts •m in “l  (A stra n d , 
Cuddy, S a l t l n ,  & S te n b e rg , 1 9 6 4 ). F u r th e r ,  in  h e a l th y  young s u b je c t s  
SV d id  n o t  d e c re a se  d u r in g  maximal e x e r c is e  a t  HRs o f  o r  above 200 
beats«m in~ ^ , in d ic a t in g  t h a t  d i a s t o l i c  f i l l i n g  o f  th e  h e a r t  was n o t 
reduced  a t  th e s e  r a t e s .
The in c re a s e  in  HR and SV can  e le v a te  c a rd ia c  o u tp u t to  s ix  tim es  
th e  r e s t i n g  l e v e l  (A stran d  e t  a l . ,  1964; A stran d  & R odahl, 19 7 7 ). At 
e x e rc is e  l e v e l s  up to  40 to  60% o f a  p e r s o n 's  maximum c a p a c i ty ,  In c re a s e s
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In  b o th  HR and SV a r e  r e s p o n s ib le  f o r  th e  In c re a s e  In  c a rd ia c  o u tp u t .  
When e x e rc is e  l e v e l s  a r e  h ig h e r ,  th e  In c re a s e  r e s u l t s  e n t i r e l y  from th e  
co n tin u ed  in c re a s e  In  HR.
C a rd io v a sc u la r  R esponses to  Combined S t a t i c  and Dynamic Work
B are ly  a r e  everyday  a c t i v i t i e s  p u re ly  s t a t i c  o r  dynamic In  n a tu r e ,  
bu t r a th e r  a  com b in atio n  o f  th e  tw o. U n fo r tu n a te ly , th e  r e s e a r c h  In  
t h i s  a re a  o f com b in atio n  work h as  r e c e iv e d  r e l a t i v e l y  l i t t l e  a t t e n t i o n .
In  1956, H e lle b ra n d t,  H outz, Hockman, and P a r t r id g e  had s u b je c t s  
perfo rm  s t a t i c  c o n t r a c t io n s  w ith  one hand w h ile  s im u lta n e o u s ly  con­
t r a c t i n g  rh y th m ic a l ly  w ith  th e  o th e r .  Dynamic e x e r c is e  was found to  
alw ays augment th e  d u ra t io n  o f  th e  s t a t i c  c o n t r a c t io n .  Dynamic work 
was a l s o  In c re a s e d , b u t to  a  l e s s e r  d e g re e . A lso , when rhy thm ic  
c o n t r a c t io n s  w ere co n tin u e d  u n t i l  n e a r  f a t i g u e ,  and th e n  th e  c o n t ra ­
l a t e r a l  hand began do ing  s t a t i c  w ork, a  r e v e r s a l  in  th e  f a t i g u e  cu rv e  
was o bserved  to  o c c u r .
Lind and McNlcol (1967a) e v a lu a te d  th e  c a rd io v a s c u la r  re sp o n se s  
to  s u s ta in e d  h a n d g rip s  a t  th r e e  te n s io n s  (2 0 , 3 0 , and 50Z MVC) w h ile  
s u b je c ts  w alked on a  t r e a d m il l  a t  t h r e e  d i f f e r e n t  l e v e l s  o f  0£ u p ta k e  
( 1 .1 ,  1 .7 ,  and 2 .8  l* m ir i" l) .  The in c re m en ts  in  HR and BP a t  20 and 30% 
MVC w ere s im i la r  a t  a l l  l e v e l s  o f  O2  u p ta k e . However, un d er th e  most 
ex trem e co m b in a tio n  o f  s t a t i c  and dynamic e x e rc is e  t h a t  L ind and 
McNicol examined (50% MVC d u r in g  t r e a d m i l l  w alk ing  a t  an  O2  c o s t  o f 
2 .8  l*m ln"~l), th e  BP and HR re sp o n se  was l e s s  th a n  d u rin g  th e  m ild e r  
w alk ing  r a t e s .  They concluded  t h a t  th e  sy stem ic  r e s i s t a n c e  a t  th e  
f a s t e s t  r a t e  o f  w alk ing  was so  red u ced  by th e  demands o f th e  dynamic 
e x e r c is e  t h a t  th e  combined e f f e c t  o f  in c re a s in g  c a rd ia c  o u tp u t p lu s  th e
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a d d i t io n a l  v a s o c o n s t r ic t io n  w ere n o t s u f f i c i e n t  to  p roduce th e  norm al 
p re s s o r  re sp o n se  to  50% MVC.
D e sp ite  t h i s ,  th e  r a is e d  p e r fu s io n  p re s s u re  due to  th e  s t a t i c  con­
t r a c t i o n  caused  an in c re a s e  in  th e  volum e o f b lood flo w in g  th ro u g h  th e s e  
m u sc les  engaged in  is o m e tr ic  c o n t r a c t io n  and presum ably  a l s o  th ro u g h  
th e s e  m uscles perfo rm in g  rhy thm ic  e x e r c i s e .  F in a l ly ,  th e  m echan ical 
r e s i s t a n c e  to  flo w  caused  by th e  i s o m e tr ic a l ly  c o n t ra c t in g  m uscles 
co u ld  In c re a s e  th e  volum e o f  b lood  a v a i la b l e  to  th e  g e n e ra l c i r c u l a t i o n  
f o r  rhy thm ic  c o n t r a c t io n s  (L ind  & M cNicol, 1 9 6 7 a). A lthough th e  hemo­
dynam ics a r e  q u i t e  d i f f e r e n t  In  rhy thm ic  and is o m e tr ic  work, th e  
c a rd io v a s c u la r  re sp o n se s  to  s u s ta in e d  h an d g rip  c o n t r a c t io n s  w h ile  
w alk ing  on th e  t r a d m il l  w ere ty p i c a l  in  b o th  p a t t e r n  and m agn itude to  
th o s e  o b ta in e d  when th e  h an d g rip  was done s in g ly .  T h is  i s  in  c o n t r a s t  
w ith  Sanchez e t  a l .  (1979) and Jack so n  e t  a l .  (1973) who re p o r te d  t h a t  
combined work had a  h ig h e r  p h y s io lo g ic a l .c o s t  (HR and O2  u p ta k e ) th a n  
th e  s im p le  sum o f t h e  dynamic p lu s  th e  s t a t i c  w ork.
Lind and McNicol (1968) and P e tro fs k y  and Lind (1978) e v a lu a te d  
th e  c a rd io v a s c u la r  re sp o n s e s  to  c a r ry in g  and l i f t i n g  t a s k s .  I n  an  
experim ent in  w hich team s o f  two men w alked a t  2 mph on th e  le v e l  
c a r ry in g  a  s t r e t c h e r ,  on one o c c a s io n  by hand and on th e  o th e r  o c c a s io n  
by a  sh o u ld e r  h a rn e s s ,  ex trem e d i f f e r e n c e s  in  HR and BP w ere n o te d .
When th e  s t r e t c h e r  was c a r r i e d  by h and , th e  HR and mean BP ro s e  s te a d i ly  
w ith  f i n a l  v a lu e s  a t  3 m in b e in g  145 b e a ts •m in -*  and 143 mm Hg, re s p e c ­
t i v e l y .  In  c o n t r a s t ,  t h e  co rre sp o n d in g  v a lu e s  a t  3 m in when th e  ' 
s t r e t c h e r  was su p p o rted  in  a  s h o u ld e r  h a rn e s s  w ere 124 b e a ts -m in ”1 and 
96 mm Hg, r e s p e c t iv e ly .  The s u b je c t s  w ere f a t ig u e d  a f t e r  3 min o f hand 
c a r r i a g e ,  w hereas a f t e r  15 min o f  c a r r i a g e  by th e  sh o u ld e r  s t r a p s ,  th e y  
w ere n o t .
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These r e s u l t s  n o t  o n ly  confirm ed  e a r l i e r  r e s e a r c h  by Lind and 
McNicol (1967a, 1968) which In d ic a te d  th a t  i t  i s  th e  p ro p o r tio n  o f  th e  
maximum te n s io n  th a t  a  m uscle  e x e r t s  r a th e r  th a n  th e  s iz e  o f  th e  m uscle  
m ass w hich in d u ces  th e s e  c a rd io v a s c u la r  r e s p o n s e s ,  b u t i t  a l s o  i l l u s t r a ­
te d  th e  m agnitude o f  c a rd io v a s c u la r  s t r e s s  w hich can  be imposed on a 
p e rso n  by co m b in a tio n  work i f  n o t done a s  e f f i c i e n t l y  a s  p o s s ib le .  The 
f a c t  t h a t  combined s t a t i c  and rhy thm ic  e f f o r t  in c re a s e s  HR d is p ro p o r t io n ­
a t e ly  in  com parison  w ith  th e  in c re a s e  in  maximum oxygen consum ption 
(VO2  max) has  been confirm ed  o f te n  (L ind & M cNicol, 1967a). M inute 
v e n t i l a t i o n  h as  a ls o  been shown to  in c re a s e  d i r e c t l y  w ith  rhy thm ic  
e x e r c is e ,  b u t d is p r o p o r t io n a te ly  to  th e  m e ta b o lic  need when s t a t i c  
e f f o r t  was added , p roducing  an  i n e f f i c i e n t ,  energy-consum ing hy p er­
v e n t i l a t i o n  (W iley & L in d , 1975).
C a rd io v a sc u la r  A d a p ta tio n s  to  A erob ic T ra in in g
The c a rd io v a s c u la r  system  h as  been th e  c e n te r  o f  in v e s t ig a t io n  f o r  
many y e a r s ,  b u t o n ly  in  th e  l a s t  two d ecades has  th e  fu n c tio n in g  o f  th e  
c a rd io v a s c u la r  system  d u rin g  e x e r c is e  been in te n s iv e ly  exam ined.
Numerous r e s e a r c h e r s  (C la u sen , 1976; Ekblom, 1969; F r ic k ,  K o n ttin e n , & 
S a r a ja s ,  1963; S a l t i n ,  B lom qvist & M itc h e l l ,  1968; S ie g e l ,  B lo m q v is t, & 
M itc h e l l ,  1970) have conducted  lo n g i tu d in a l  and c r o s s - s e c t io n a l  s tu d ie s  
to  e v a lu a te  h e a r t  r a t e  (HR), b lood  p re s s u re  (B P), s t r o k e  volum e (SV ), 
c a rd ia c  o u tp u t (Q ), p r e s s u re  r a t e  p ro d u c t (PRP) and maximal oxygen con­
sum ption  (VO2  max) b e fo re  and a f t e r  an  a e ro b ic  t r a i n i n g  program .
C a rd io v a sc u la r  a d a p ta t io n s  to  a e ro b ic  t r a i n in g  a r e  dependen t on 
num erous f a c t o r s  such  a s  th e  l e v e l  o f  f i t n e s s  a t  th e  o n s e t  o f  t r a i n i n g ,  
g e n e t ic  endowments, a g e , h e a l th  s t a t u s ,  p re v io u s  t r a i n in g  ( e s p e c ia l ly
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re g a rd in g  le n g th  o f  t i n e  and ag e  i t  o c c u r r e d ) , and th e  a c tu a l  s t r u c tu r e  
and le n g th  o f  th e  t r a in in g  program  ( F r o e l i c h e r , 19 7 3 ). S p e c i f ic  con­
s id e r a t io n s  m ust a l s o  be  g iv e n  to  th e  ty p e ,  fre q u e n c y , d u r a t io n ,  and 
i n t e n s i t y  o f  th e  a e ro b ic  e x e r c is e  i f  optimum c a rd io v a s c u la r  g a in s  a r e  
to  be seen  ( F r o e l ic h e r ,  1973; S ie g e l e t  a l . ,  1970 ).
I t  i s  w e ll known th a t  a  r e d u c t io n  in  r e s t i n g  HR o c c u rs  f a i r l y  
p r e d ic ta b ly  in  re sp o n se  to  a  p e r io d  o f  a e ro b ic  t r a in in g  and th a t  t r a in e d  
a t h l e t e s  have low er HRs a t  r e s t  when compared to  norm al s e d e n ta ry  
p eo p le  (C lau sen , 1976; S a l t i n  e t  a l . ,  19 6 8 ). The mechanism r e s p o n s ib le  
f o r  t h i s  s in u s  b ra d y c a rd ia  a t  r e s t  i s  a t t r i b u t e d  t o  a  g r e a t e r  dominance 
o f th e  p a ra sy m p a th e tic  system  ( in c r e a s e  in  v a g a l s t im u la t io n )  and a  
re d u c t io n  in  th e  sy m p a th e tic  d r iv e .  A lthough o th e r  f a c t o r s  such  a s  
c a rd ia c  h y p e rtro p h y , in c re a se d  b lood  volume and reduced  s t im u la t io n  from  
p e r ip h e ra l  r e c e p to r s  may a l s o  c a r r y  some o f th e  r e s p o n s i b i l i t y  f o r  th e  
s in u s  b ra d y c a rd ia , th e y  have n o t  been s u b s ta n t ia te d  by c o n c lu s iv e  
ev id en ce  (C lau sen , 19 7 6 ).
In  a d d i t io n  to  a  low er HR a t  r e s t ,  a e r o b ic a l ly  t r a in e d  p e rso n s , 
when compared to  u n tr a in e d  p e rso n s , a l s o  have a  d e c re a se  in  HR d u rin g  
submaxlmal e x e rc is e  (B oyer, 1972; B u sk irk , 1973; C lau sen , 1976; F r ic k ,  
1968; F r o e l ic h e r ,  1973; W ilmore & N orton , 1 9 7 5 ). T h is  r e d u c t io n  in  HR 
i s  b e lie v e d  to  be th e  r e s u l t  o f  a  l a r g e r  SV w hich i s  a t t r i b u t e d  to  
m y o card ia l h y p e rtro p h y  o r  to  an  in c re a s e  in  b lood volum e. F ro e l ic h e r
(1973) rev iew ed  10 t r a i n in g  s tu d ie s  (6  d e a l in g  w ith  norm al men and th e  
rem ain ing  4 w ith  men hav ing  c a rd io v a s c u la r  p ro b le m s) . The HR was r e ­
duced in  a l l  o f  th e  t r a i n e e s ,  b o th  a t  r e s t  and d u rin g  submaxlmal 
e x e r c is e ,  and in  th e  s tu d ie s  in  w hich SV was m easured I t  was in c re a s e d  
in  ev ery  c a s e  d u rin g  maximal and submaxlmal e x e r c is e .
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C ard iac  o u tp u t (HR x SV) has  been s tu d ie d  e x te n s iv e ly  In  s u b je c ts  
a t  r e s t  and w h ile  perfo rm ing  suhmaximal and maximal e x e r c is e .  I n  th e  
m a jo r i ty  o f  t r a i n in g  s tu d ie s  rev iew ed  by F ro e l ic h e r  (1 9 7 3 ), c a rd ia c  
o u tp u t was reduced  a t  r e s t  fo llo w in g  p h y s ic a l  t r a i n in g ,  unchanged a t  
submaxlmal w ork, and in c re a s e d  d u rin g  maximal e x e r c is e .  F r ic k  e t  a l .  
(1963) re p o r te d  a  10% in c re a s e  in  th e  r e s t i n g  c a rd ia c  o u tp u t fo llo w in g  
a  2-m onth t r a in in g  p e r io d .  T h is  In c re a s e s  was a t t r i b u t e d  to  a  l a r g e r  
s t r o k e  volum e even though  th e  r e s t i n g  h e a r t  r a t e s  had been red u ce d . 
A lthough th e r e  i s  s t i l l  some c o n tro v e rsy  in  th e  l i t e r a t u r e  re g a rd in g  
c a rd ia c  o u tp u t changes fo llo w in g  t r a i n in g  program s, th e  m a jo r i ty  o f 
l i t e r a t u r e  i s  in  su p p o rt o f h ig h e r  c a rd ia c  v a lu e s  f o r  t r a in e d  p e rso n s  
perfo rm in g  m axim al work (H llm ore & N orton , 1975).
The e f f e c t s  o f  t r a i n in g  on s y s t o l i c  and d i a s t o l i c  b lood  p re s s u re  
have been w e ll docum ented in  th e  l i t e r a t u r e .  Boyer and Kasch (1970) 
e v a lu a te d  th e  e f f e c t s  on BP o f a  6-m onth w a lk /jo g  t r a i n in g  program  
m eeting  tw ic e  w eekly in  2 g ro u p s o f  h y p e r te n s iv e  and n o n h y p e rte n s iv e  
(norm al) men. R ed u c tio n s  in  s y s t o l i c  and d i a s t o l i c  p r e s s u re s  o f  13 
mm Hg and 12 mm Hg, r e s p e c t iv e ly ,  w ere n o te d  in  th e  h y p e r te n s iv e  g ro u p , 
w h ile  th e  d i a s t o l i c  p r e s s u r e  in  th e  norm al group dropped 6 mm Hg w ith  no 
change in  th e  s y s t o l i c .  The a u th o rs  commented t h a t  th e  d rop  in  blood 
p r e s s u r e  was p ro b ab ly  due to  th e  v a s o d i l a t in g  e f f e c t  o f  endurance 
e x e r c is e .
Montoye, M etzner, K e l l e r ,  Jo h n so n , & E p s te in  (1972) a l s o  re p o r te d  
t h a t  more a c t i v e  men had s i g n i f i c a n t l y  low er s y s t o l i c  and d ia s to l i c 'B P  
a s  ev idenced  from  th e  Tecumseh P r o je c t  in  w hich 1700 men w ere s tu d ie d .  
F r ic k  e t  a l .  (1963) a l s o  re p o r te d  d e c re a s e s  in  t h e i r  s u b je c t s ' r e s t i n g
23
s y s t o l i c ,  d i a s t o l i c ,  and mean p re s s u re s  fo llo w in g  a  2 month t r a i n in g  
program . S im ila r  f in d in g s  w ere p re se n te d  by B u sk lrk  (19 7 3 ).
These d e c re a se s  In  BP ap p ea r to  r e s u l t  from  th e  d e c re a se d  HR 
re sp o n s e  and to  a  p e r ip h e r a l  v a s o d i l a t io n  and b lood  r e d i s t r i b u t i o n  
d u rin g  submaxlmal e x e r c is e .  A lthough th e  g r e a t e s t  changes in  BP occur 
in  th o s e  p e rso n s  who a t  th e  o n se t o f  an  e x e rc is e  program  have an  ab­
n o rm ally  e le v a te d  p r e s s u r e ,  th e  ev id en ce  d o es  n o t d is c o u n t th e  b e n e f i t s  
o f  reduced  p r e s s u re s  f o r  norm als invo lv ed  in  a e ro b ic  t r a i n in g .
The t r a in e d  h e a r t  works a t  a  low er r a t e  and e je c tn  a  l a r g e r  volume 
th a n  th e  u n tra in e d  h e a r t .  T h is  in c re a s e  in  s t ro k e  volume r e q u i r e s  f o r  a  
g iv e n  w orkload a  sm a lle r  amount o f  oxygen th a n  an  u n tra in e d  h e a r t .  
T h e re fo re , th e  t r a in e d  h e a r t  i s  more e f f i c i e n t  and can  perfo rm  w ith  l e s s  
s t r e s s  a t  r e l a t i v e  w ork loads compared to  th e  u n tra in e d  h e a r t .  M yocardial 
w ork, m y o card ia l oxygen demand, can  be  a s s e s se d  by th e  p r e s s u r e - r a te  
p ro d u c t (PRP) ( s y s t o l i c  b lood  p r e s s u r e  x h e a r t  r a t e /1 0 0 ) . As work 
in c r e a s e s ,  HR and s y s t o l i c  BP n o rm ally  In c re a s e ,  and th e r e f o r e  th e  
m y o card ia l oxygen demand in c r e a s e s .  T ra in ed  p e rso n s  have a  reduced  PRP 
a t  a  f ix e d  w orkload when compared to  th e  u n tra in e d  (B u sk lrk , 19 7 3 ), and 
th e r e f o r e  th e y  have an  improved power f u n c t io n  and e f f ic ie n c y  o f  th e  
myocardium (B oyer, 1972; F r ic k ,  1968; F r ic k  e t  a l . ,  19 6 3 ).
In  a d d i t io n  to  th e s e  c a rd io v a s c u la r  a d a p ta t io n s  to  a e ro b ic  t r a i n in g ,  
th e  l i t e r a t u r e  i s  r e p l e t e  w ith  s tu d ie s  r e p o r t in g  In c re a s e s  In  VOj max 
fo llo w in g  t r a i n in g  (C la u sen , 19 7 6 ). Oxygen consum ption can  b e  c a lc u la te d  
a s  th e  p ro d u c t o f  c a rd ia c  o u tp u t (Q) and th e  a r te r io v e n o u s  oxygen d i f f e r ­
ence (a-V C ^d iff ) (C la u sen , 19 7 6 ). The a-V C ^diff r e p r e s e n ts  th e  d i f f e r e n c e  
in  c o n c e n tr a t io n  o f  oxygen in  th e  a r t e r i a l  and venous b lo o d . An in c re a s e  
in  t h e  a -v C ^ d if f  I n d ic a te s  an  in c re a s e  in  oxygen u t i l i z a t i o n  by th e
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t i s s u e s .  As th e  Q in c re a s e s  in  p ro p o r tio n  to  th e  w ork load , th e  supp ly  
o f b lood to  th e  a c t iv e  t i s s u e s  1b in c re a s e d .  T ra in ed  p e rso n s  have been
— m
shown to  have an  in c re a se d  a -v 0 2d i f f  and a  h ig h e r  Q a t  maximal work 
l e v e l s  (B u sk lrk , 1973; W ilmore & N o rto n , 1 9 7 5 ). T h is  g r e a t e r  oxygen 
e x t r a c t io n  from  th e  in c re a s e d  Q i s  r e s p o n s ib le  f o r  th e  enhanced a e ro b ic  
c a p a c i ty  in  th e  t r a in e d  in d iv id u a l .
I n  c o n c lu s io n , th e  r e s u l t s  o f  a  p h y s ic a l  c o n d it io n in g  program  o f 
s u f f i c i e n t  d u r a t io n ,  i n t e n s i t y ,  and freq u en cy  w i l l  Induce th e  p h y s io ­
lo g i c a l  changes d is c u s s e d .  T hese changes e n a b le  a  p e rso n  to  more 
e f f i c i e n t l y  respond  to  demanding w ork, th e r e f o r e  p la c in g  l e s s  s t r e s s  on 
th e  c a rd io v a s c u la r  system .
S ta tem en t o f  th e  P ro b lem .
The p u rp o se  o f  t h i s  s tu d y  was to  I n v e s t ig a te  th e  e f f e c t  o f  a e ro b ic  
c a p a c i ty  on c a rd io v a s c u la r  re sp o n se s  (HR, BP, PSP) e l i c i t e d  by s t a t i c ,  
rh y th m ic , and a  co m b in a tio n  o f  s t a t i c  and rhy thm ic  work (com bination  
w o rk ). A d d itio n a l ex p e rim en ts  w ere c a r r i e d  o u t to  e v a lu a te  th e  e f f e c t  
o f an  is o m e tr ic  h a n d g rip  c o n t r a c t io n  perform ed d u rin g  maximal dynamic 
work on V02 max.
R esea rch  H ypotheses 
I t  was h y p o th e s iz e d  t h a t  s u b je c t s  hav ing  a  h ig h  V02 max would 
e x h ib i t  a  low er BP, HR, and PRP re s p o n se  when compared to  s u b je c t s  w ith  
a  m o d era te  o r  low  V02 max d u rin g  s t a t i c ,  rh y tta n lc , and co m b in a tio n  work. 
I t  was a l s o  h y p o th e s iz e d  t h a t  an  in c r e a s e  i n  V02 max would o c c u r when an  
is o m e tr ic  h a n d g rip  c o n t r a c t io n  was superim posed  on max im al dynamic work.
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A ssum ptions
1 . A ll s u b je c ts  e x e r te d  maximum e f f o r t  f o r  d e te rm in a tio n  o f 
t h e i r  MVC.
2 . P sy c h o lo g ic a l o r  em o tio n al in f lu e n c e s  on c a rd io v a s c u la r  
re sp o n se s  w ere random ly d i s t r i b u t e d .
L im ita t io n s  o f  th e  S tudy
1 . S u b je c ts  w ere In s t r u c te d  n o t to  e a t  o r  d r in k  a n y th in g  o th e r  
th a n  w a te r f o r  a t  l e a s t  2 h o u rs  b e fo re  each  t e s t .  S tren u o u s  p h y s ic a l  
a c t i v i t y  waB a l s o  a  su g g es ted  c o n s t r a in t  f o r  a t  l e a s t  6 h o u rs  b e fo re  a 
t e s t .  T here was no a s s u ra n c e  th a t  s u b je c t s  adhered  to  th e s e  recommenda­
t i o n s .
2 . P sy c h o lo g ic a l f a c t o r s  o th e r  th a n  th o s e  p e rc e iv e d  from  e x e r t io n  
may have in f lu e n c e d  each  s u b j e c t 's  c a rd io v a s c u la r  re s p o n s e s .
3 . G e n e ra l iz a t io n  o f th e  r e s u l t s  to  p e rso n s  w ith  c a rd io v a s c u la r  
h e a r t  d is e a s e  was n o t p o s s ib le  B ince s u b je c t s  in  t h i s  s tu d y  w ere assumed 
to  be f r e e  from  c a rd io v a s c u la r  h e a r t  d is e a s e .
S ig n if ic a n c e  o f  th e  S tudy
C a rd io v a sc u la r  re sp o n se s  d u r in g  is o m e tr ic  ( s t a t i c )  and I s o to n ic  
( rh y th m ic ) work a r e  o f  i n t e r e s t  to  r e s e a r c h e r s ,  m e d ica l p r a c t i t i o n e r s ,  
c o a c h e s , and p h y s ic a l  e d u c a to rs .  Of p a r t i c u l a r  co n ce rn  a r e  th e  e f f e c t s  
o f  is o m e tr ic  e x e r c is e  on BP, HR, c a rd ia c  o u tp u t ,  l e f t  v e n t r i c u l a r  
p erfo rm an ce , and m y o c a rd ia l oxygen consum ption (H a ls s ly ,  M essln , D egre, 
V anderm oten, D em aret, & D en o lin , 1974; H e lf a n t ,  D e V illa , & M e ls te r ,  1971; 
K lv o w itz , Parm ley , Donoso, M arcus, Ganz, & Swan, 1971; Q uarry  & S pod ick , 
1974; S tro n g , M i l l e r ,  S t r i p l l n ,  & S a le h b h a i, 1978 ).
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The p r e s s u re  r a t e  p ro d u c t has  been e s ta b l is h e d  a s  a  c o r r e l a t e  o f 
m y o card ia l oxygen consum ption (R obinson , 1967 ), and an g in a  p e c to r i s  i s  
known to  re o c c u r  in  p a t i e n t s  a t  a p r e d ic ta b le  PRP l e v e l  d u rin g  g raded  
e x e rc is e  t e s t i n g  (Wahren & Bygdeman, 1971 ). Due to  th e  au gm en ta tion  
o f  c a rd io v a s c u la r  re sp o n se s  by s t a t i c  work when done c o n co m ita n tly  w ith  
rh y th m ic  work, p e rso n s  o f te n  unknow ingly p la c e  th em se lv es  in  dangerous 
s i t u a t i o n s .  T h is  i s  e s p e c ia l ly  t r u e  o f p e rso n s  who h av e  co ro n ary  
h e a r t  d is e a s e .  A ngina i s  n o rm ally  a  r e s u l t  o f  a  r i s e  in  th e  work o f 
th e  myocardium to  a  l e v e l  w hich i s  e s s e n t i a l l y  f ix e d  in  each  p a t i e n t .
Wahren and Bygdeman (1971) r e p o r te d  t h a t  in  co ro n ary  h e a r t  d is e a s e  
p a t i e n t s  HR, PRP, peak  s y s t o l i c ,  s y s t o l i c  mean, d i a s t o l i c ,  and mean 
a r t e r i a l  p r e s s u re s  a l l  in c re a s e d  more s te e p ly  d u rin g  arm e x e rc is e  th a n  
d u rin g  le g  e x e r c is e  even though  a  s m a lle r  w orkload was perform ed by th e  
arm s. These In c re a s e s  w ere a s s o c ia te d  w ith  th e  u s e  o f a  sm a lle r  
m uscle  mass and w ith  th e  s t a t i c  component o f  work perform ed by th e  
m uscles o f  th e  back  and h ip  t h a t  h e lp  to  s t a b i l i z e  th e  body. S t a t i c  
e x e r t io n ,  which o f te n  o c c u rs  sudden ly  in  everday  l i f e ,  can  p la c e  a 
p e rso n  c lo s e  to  dangerous c i r c u l a t o r y  o v e rlo a d  w ith  l i t t l e  w arn ing .
A good example i s  " a i r p o r t  an g in a"  w hich i s  a  s e v e re  and unexpec ted  
an g in a  w hich some, p e rso n s  e x e rp le n c e  w h ile  w alk ing  a t  a  norm al r a t e  
th ro u g h  an  a i r p o r t  w h ile  c a r ry in g  a  b r ie f c a s e  o r  s u i tc a s e  (Jack so n  e t  
a l . ,  1973 ).
A e ro b ic - ty p e  a c t i v i t i e s  a r e  known to  im prove th e  fu n c t io n a l  capa­
b i l i t i e s  o f th e  c a rd io v a s c u la r  sy stem . A p e rso n  w ith  a  h ig h  a e ro b ic  
c a p a c i ty ,  compared to  a  p e rso n  w ith  a  low  c a p a c i ty ,  works a t  a  low er 
r e l a t i v e  w orkload in  everyday  dynamic a c t i v i t i e s .  An im p o rtan t q u e s tio n  
i s  w hether o r  n o t  a e ro b ic  t r a i n in g  can  re d u c e  th e  c a rd io v a s c u la r
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re sp o n se s  Imposed upon th e  body d u rin g  com bination  work. An a e r o b ic a l ly  
t r a in e d  p e rso n  would be  exp ec ted  to  respond  to  any s ta n d a rd  e x e rc is e  
w ith  low er a r t e r i a l  BP, HR, and PRP th a n  a  p e rso n  w ith  a  low  a e ro b ic  
c a p a c i ty .
One o f  th e  l im i t in g  f a c t o r s  In  a e ro b ic  a c t i v i t i e s  i s  th e  a b i l i t y  
to  d e l iv e r  oxygen to  th e  w orking m u sc le s . B ecause is o m e tr ic  work 
c a u se s  a  d ra m a tic  r i s e  in  BP and th e r e f o r e  in c re a s e s  p e r fu s io n  p r e s s u re  
and b lood  flo w  to  th e  e x e rc is in g  m u sc le s , an  is o m e tr ic  hand c o n t r a c t io n  
m igh t p o s s ib ly  enhance VO2  max and th u s  b e n e f i t  a t h l e t i c  perfo rm ance .
The consequences o f  t h i s  s tu d y  m igh t b e  (1 ) a d d i t io n a l  su p p o rt 
f o r  a e ro b ic  t r a i n in g  o f  b o th  norm al p e rso n s  and th o s e  w ith  h e a r t  d is e a s e  
in  o rd e r  to  re d u c e  th e  c a rd io v a s c u la r  re sp o n se s  to  com bination  w ork and 
(2 ) su p p o rt f o r  th e  u s e  o f  is o m e tr ic  c o n t r a c t io n s  d u rin g  dynamic work 
in  an  e f f o r t  to  in c re a s e  VO2  max and th e re b y  in c re a s e  perfo rm ance .
CHAPTER 2
METHODS
In tro d u c t io n
D if f e r e n t  c a rd io v a s c u la r  re sp o n se s  a r e  e l i c i t e d  by s t a t i c  and dyna­
mic w ork. However, th e  c a rd io v a s c u la r  re sp o n se s  from  com bination  work 
a re  n o t e a s i l y  s e p a ra te d .  In  o r d e r . to  e v a lu a te  th e  e f f e c t s  o f  a e ro b ic  
f i t n e s s  on c a rd io v a s c u la r  re sp o n se s  to  com bination  w ork, th r e e  groups 
h av in g  h ig h ,  m o d era te , and low l e v e l s  o f  a e ro b ic  c a p a c ity  w ere compared 
under th r e e  c o n d itio n s  in  a  c o u n te r-b a la n c e d  d e s ig n : (1 ) s t a t i c  w ork;
(2 ) dynamic w ork; and (3) com bination  work. An a d d i t io n a l  experim en t 
was used  to  exam ine th e  e f f e c t  on VO2  max o f  add ing  a  s t a t i c  c o n t ra c t io n  
d u rin g  maximal rhy th m ic  w ork.
S u b je c ts
S u b je c ts  f o r  t h i s  s tu d y  w ere 18 young, h e a l th y  m ales who were 
s e le c te d  on th e  b a s i s  o f  VO2  max (T ab le  1 ) .  The d e s ig n  o f  th e  s tu d y  
d ic ta t e d  t h a t  a  prim e c r i t e r i o n  f o r  acc ep tan c e  a s  a  s u b je c t  was th a t  
V02 max (ml*kg-  .m in-1 ) sh o u ld  be below  51 f o r  a  low f i t  g roup , betw een 
51 and 60 f o r  a  m o d e ra te ly  f i t  g ro u p , and above 60 f o r  a  h ig h  f i t n e s s  
group .
P r io r  to  th e  s e le c t io n  o f  th e  s u b je c t s ,  th o s e  hav ing  any m ed ica l 
o r  p h y s ic a l  l i m i t a t i o n s  w hich would p re v e n t them from  engag ing  in  exhaus­
t i v e  e x e r c is e  w ere e x c lu d ed . The e x c lu s io n  was based  on r e s u l t s  
o b ta in e d  from  a  q u e s t io n n a ir e  w hich th e  p o t e n t i a l  s u b je c t s  com pleted  a t  
an o r i e n t a t i o n  s e s s io n .  As f a r  a s  co u ld  be  d e te rm in e d , a l l  s u b je c ts
w ere non-sm okers and had  no p h y s ic a l  o r  m en ta l Im pairm ent which would
28
29
T ab le  1
D e s c r ip t iv e  D ata o f  S u b je c ts
Age H eigh t W eight VO2  max MVC
Group (y r s )  (cm) (hg) (ml»kg“ l .m i n - l )  (kg)
Low F i t 24 179 86 47 58
(n  -  5) ±5 ±3 +18 ±5 +7
Mod F i t 22 179 74 55 57
(n “  5) ±2 ±5 ±7 +1 ±10
High F i t 23 178 70 64 56
(n  -  8) ±5 ±8 ±12 ±3 +11
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have a f f e c te d  p erfo rm ance . The o r i e n t a t i o n  s e s s io n  allow ed  th e  s u b je c ts  
to  become f a m i l i a r  w ith  a l l  o f  th e  equipm ent and w ith  th e  t e s t i n g  
p ro c e d u re s . A w r i t t e n  summary o f  th e  pu rp o se  o f  th e  s tu d y  and th e  
p ro c e d u re s  to  be u sed  in  th e  r e s e a r c h  w ere g iv e n  to  each  s u b je c t ,  and 
a l l  gave w r i t t e n  c o n se n t p r io r  to  b e in g  t e s t e d .
T e s tin g  P ro ced u res
P re lim in a ry  T e s ts
P r io r  to  p e rfo rm in g  th e  t h r e e  t e s t s ,  th e  s u b je c t s  came to  th e  la b ­
o r a to r y  f o r  an  o r i e n t a t i o n  s e s s io n  d u rin g  w hich tim e  th e y  underw ent a  
s im u la tio n  o f  a l l  t e s t i n g  p ro c e d u re s . H eigh t and w eigh t w ere m easured 
by s ta n d a rd  p ro c e d u re s  w ith  th e  s u b je c t s  w earing  o n ly  s h o r t s .  R ig h t 
h a n d g rip  MVC was de te rm in ed  a t  t h i s  tim e  by hav ing  th e  s u b je c ts  perform  
th r e e  maximal v o lu n ta ry  c o n t r a c t io n s  w ith  d u ra t io n s  o f  l e s s  th a n  2 sec 
and a t  i n t e r v a l s  o f  1 m in. The mean o f  th e s e  was acc ep ted  a s  th e  MVC.
A L a fa y e t te  g r ip  dynamometer (Model 78010) was used  in  t h i s  p ro c e d u re .
D uring th e  l a t t e r  p o r t io n  o f  th e  o r i e n t a t i o n ,  H ew le tt-P ack ard  
e le c t r o d e s  (No. 14389A) w ere a p p lie d  to  CM5 le a d  s i t e s  fo llo w in g  
s ta n d a rd  s k in  p r e p a r a t io n  p ro c e d u re s , and th e  s u b je c t s  underw ent th e  
s ta n d a rd  o r  su p e rs ta n d a rd  t r e a d m il l  t e s t  p ro to c o l o f  th e  I n te r n a t io n a l  
Comm ittee f o r  t h e  S ta n d a rd iz a t io n  o f  P h y s ic a l  F i tn e s s  T e s ts  (ICSPFT) 
(L arso n , 1974, pp. 4 7 6 -4 7 8 ). The ICSPFT s ta n d a rd  p ro to c o l  was u sed  
on th o s e  v o lu n te e r s  who s u b je c t iv e ly  r a te d  th em se lv es  a s  be in g  o n ly  
m o d e ra te ly  a e r o b ic a l ly  c o n d it io n e d . The s ta n d a rd  p ro to c o l  in v o lv ed  
w alk ing  a t  3 .0  mph a t  2.5Z  g ra d e  f o r  2 min and in c re a s in g  th e  g ra d e  
ev ery  2 min u n t i l  th e  s u b je c t s  reach ed  852 o f  t h e i r  a g e -e s t im a te d  
maximum HR (2 2 0 -a g e ) . Those s u b je c t s  who r a te d  them selveB  a s  h ig h ly
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a e r o b ic a l ly  c o n d itio n e d  w ere te s t e d  u s in g  th e  su p e r -s ta n d a rd  p ro to c o l .  
T h is  in v o lv ed  w alk ing  a t  3 .7 5  mph a t  42 g ra d e  and in c re a s in g  th e  g rad e  
2% each  min u n t i l  th e  s u b je c t s  reach ed  852 o f  t h e i r  a g e -e s tim a te d  
maximal HR. The V0£ max f o r  a l l  s u b je c ts  was e s tim a te d  by e x t ra p o la t in g  
th e  s u b j e c t 's  HR to  th e  p re d ic te d  maximal l e v e l  and e s t im a t in g  th e  
maximum w orkload in  m e ta b o lic  e q u iv a le n ts  (METS) w hich cou ld  be o b ta in e d  
a t  t h i s  maximum HR. For th e s e  and a l l  o th e r  t e s t s ,  HR was c a lc u la te d  
from  R-R i n t e r v a l s  a c ro s s  fo u r  ECG com plexes, re c o rd e d  on a  H e w le tt-  
P ackard  1511-B e le c tro c a rd io g ra p h *
Maximal T re a d m ill T es t
To d e te rm in e  a c tu a l  VO2  max, th e  s u b je c t s  perform ed th e  fo llo w in g  
t e s t  based  upon t h e i r  e s tim a te d  VO2  max from  th e  ICSPFT t r e a d m il l  t e s t .  
The s u b je c t  warmed-up f o r  5 min by w alk ing  a t  a  speed and g rad e  c a lc u ­
l a t e d  to  r e q u i r e  302 o f  VO2  max fo llo w ed  by a  speed and g ra d e  f o r  2 min 
e s tim a te d  to  r e q u i r e  802 o f  VO2  max. T h e r e a f te r ,  co n tin u ed  22 in c re a s e s  
in  g ra d e  w ere made each  m inu te  u n t i l  e x h a u s tio n  was reac h ed .
M easurem ents o f  VO2  and HR w ere made every  15 sec  fo llo w in g  th e  
warm-up and c o n tin u e d  u n t i l  th e  t e s t  was te rm in a te d . Blood p r e s s u re  
was m easured by s ta n d a rd  a u s c u l t a to r y  te c h n iq u e s  d u rin g  th e  l a s t  30 sec  
o f  each  min fo llo w in g  th e  warm-up u n t i l  th e  t e s t  was te rm in a te d . The 
same te c h n ic ia n  made a l l  BP m easurem ents. A s ta n d a rd  open c i r c u i t  
method was u sed  to  m eaure VO2  and th e  c r i t e r i o n  f o r  achievem ent o f 
maximum was o b s e rv a tio n  o f a  p la te a u  in  VO2  accom panying an  In c re a s e  in  
w ork load .
Subsequen t t o  th e  maximal t e s t ,  a  r o ta t lo n -g ro u p  te c h n iq u e  was u t i ­
l i z e d  In  th e  a ss ig n m en t o f  t e s t  c o n d i t io n s  to  c o u n te rb a la n c e  any o rd e r in g
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e f f e c t .  A minimum o f 2 days e la p se d  betw een each  o f th e  fo llo w in g : 
o r i e n t a t i o n  s e s s io n ,  VO2  max t e s t ,  and ex p e rim en ta l t e s t  c o n d i t io n s .
A ll e x p e rim en ta l t e s t  c o n d i t io n s  w ere perform ed on th e  same day w ith  a 
15 min re c o v e ry  p e r io d  betw een each  c o n d i t io n .
S t a t i c  T es t
Each s u b je c t  s to o d  on th e  t r e a d m il l  b e l t  w ith  hiB r i g h t  hand r e s t ­
ing on th e  r i g h t  s id e  r a i l i n g .  The hand r e s te d  so t h a t  th e  r a i l i n g  
p assed  betw een th e  f i r s t  and second m e ta c a rp a ls .  The s u b je c t  th e n  
g rasp ed  th e  h a n d le  o f  a  b r ie f c a s e  c o n ta in in g  w eigh t e q u iv a le n t to  20Z 
o f  th e  s u b j e c t 's  MVC w hich was de te rm in ed  on th e  o r i e n t a t i o n  d ay . The 
w eigh t o f  th e  h an d le  r e s te d  midway betw een th e  head and b a se  o f  th e  
p rox im al p h a lan g es  2 , 3 , and 4 .  The s u b je c t  h e ld  th e  c o n t r a c t io n  fo r  
5 m in, w ith  BP be in g  m easured in  th e  l e f t  arm d u rin g  th e  l a s t  30 sec  o f 
each  min by th e  s ta n d a rd  a u s c u l t a to r y  m ethod. The same te c h n ic ia n  made 
a l l  BP m easurem ents on a l l  o f  th e  s u b je c t s .  H ea rt r a t e  was c a lc u la te d  
from  ECG re c o rd in g s  w hich w ere ta k e n  every  15 s e c .
Dynamic T es t
S u b je c ts  walked f o r  5 min on th e  t r e a d m il l  a t  a  speed and g rad e  
e s tim a te d  to  e l i c i t  30Z o f  t h e i r  m easured VO2  max. ECG t r a c e s  w ere 
re c o rd e d  each  15 sec  and BP was meaured in  th e  l e f t  arm d u r in g  th e  
l a s t  30 sec  o f  each  m in by s ta n d a rd  a u s c u l t a to r y  m ethods.
C om bination T es t
S u b je c ts  w alked f o r  5 m in on th e  t r e a d m il l  a t  a  speed  and g rad e  
e s tim a te d  to  e l i c i t  30Z o f  t h e i r  m easured VO2  max w h ile  s im u lta n e o u s ly
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r e p l i c a t i n g  p ro c e d u re s  used  In  th e  s t a t i c  t e s t .  H ea rt r a t e  and BP w ere 
re c o rd e d  a s  In  th e  s t a t i c  and dynamic t e s t s .
Maximal T e s t P lu s  I s o m e tr ic  C o n tra c tio n
Im m ediately  fo llo w in g  th e  l a s t  o f  th e  th r e e  t r e a tm e n ts ,  th e  
t r e a d m i l l  speed  and g rad e  w ere s e t  to  a  l e v e l  w hich demanded 80X o f  th e  
s u b j e c t 's  ^ 2  max. Fo llow ing  2 min a t  t h i s  speed  and g ra d e , th e  s u b je c t  
was i n s t r u c te d  to  m axim ally c o n t r a c t  and s u s ta in  h i s  g r ip  on a  ru b b e r  
b a l l .  S im u ltan e o u sly , th e  t r e a d m il l  g rad e  was In c re a s e d  a s  In  th e  
p re v io u s  maximal t r e a d m i l l  t e s t  u n t i l  th e  s u b je c t  co u ld  no lo n g e r  con­
t i n u e .  The V(> 2 max o b ta in e d  from  t h i s  t e s t  was compared to  t h a t  from  
th e  p re v io u s  maximal t r e a d m il l  t e s t  t o  e v a lu a te  th e  e f f e c t  o f  th e  
is o m e tr ic  c o n t r a c t io n .  The method o f  m easuring  VO2  max, th e  tim e s  
d u rin g  w hich d a ta  w ere ta k e n , and th e  c r i t e r i o n  f o r  achievem ent o f  VO2  
max w ere e x a c t ly  a s  in  th e  p re v io u s  maximal t e s t .
S t a t i s t i c a l  A n a ly s is
A 3 (g roup) X 3 ( t r i a l )  MANOVA w ith  r e p e a te d  m easures on t r i a l s  was 
used  to  d e te rm in e  w hether d i f f e r e n c e s  e x i s te d  among th r e e  c o n d it io n s  
( s t a t i c ,  dynam ic, com bination  w ork) and a t  th r e e  l e v e l s  (h ig h , m o d e ra te , 
and low a e ro b ic  c a p a c i ty ) .  The th r e e  dependent v a r i a b le s  u sed  In  th e  
MANOVA w ere HR, s y s t o l i c  and d i a s t o l i c  BP. F o llow ing  MANOVA, exam ination  
o f  u n iv a r l a t e s  w ere co n d u c ted . D uncan 's  M u ltip le  Range t e s t  w ere p e r ­
form ed on a l l  s i g n i f i c a n t  u n iv a r l a t e s .
B ecause PRP I s  a  p ro d u c t o f  SBP and HR a  s e p a ra te  3 (g roup ) X 
3 ( t r i a l )  ANOVA was perfo rm ed  to  a v o id  m u l t i c u l in e a r l ty .  When s i g n i f i ­
c a n t  d i f f e r e n c e s  (p«C ,05) w ere fo u n d , D uncan 's M u ltip le  Range t e s t  was 
perform ed  t o  I s o l a t e  t h e  d i f f e r e n c e s .
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A 3 ( le v e l )  X 2 (c o n d it io n )  f a c t o r i a l  a n a ly s i s  o f  v a r ia n c e  was 
used  to  d e te rm in e  w h e th e r d i f f e r e n c e s  e x i s t e d  among th r e e  f i t n e s s  
le v e ls  (h ig h , m o d era te , and low a e ro b ic  c a p a c ity )  un d er two c o n d it io n s  
(dynam ic and  com bination  w o rk ). Maximum oxygen u p tak e  (ml»kg” ^»min“^) 
was th e  dependen t v a r ia b le  exam ined in  t h i s  a n a ly s i s .
CHAPTER 3
RESULTS AND DISCUSSION
R e su lts  from  th e  W ilk s ' Lamda MANOVA In d ic a te d  no s i g n i f i c a n t  
group d if f e r e n c e s  (F^ ^  -  1 .4 5 ) b u t s i g n i f i c a n t  t r i a l  d i f f e r e n c e s  
( ? 2  2 0  * 3 4 .0 4 ) . Follow  up ANOVA’s  w ere conducted  on th e  dependent 
v a r ia b le s  HR, s y s t o l i c  and d i a s t o l i c  BP f o r  th e  t r i a l  d i f f e r e n c e s ,  and 
when s ig n i f i c a n t  r e s u l t s  w ere found D uncan 's M u ltip le  Range t e s t s  w ere 
perform ed to  i s o l a t e  th e  d i f f e r e n c e s  betw een means (T ab les  A3 -  A 8).
H eart R ate
S ig n i f i c a n t  d i f f e r e n c e s  ( g ^ . 0 1 )  w ere found in  HR a c ro s s  t r i a l s  
f o r  a l l  groups (F ig u re  1 ) .  S ig n i f i c a n t  d i f f e r e n c e s  ( g ^ . 0 5 )  i n  HR 
w ere found betw een a l l  modes o f  e x e r c i s e .  S t a t i c  work was th e  l e a s t  
dem anding, dynamic was in te rm e d ia te  i n  s t r e s s ,  and com bination  work 
was th e  most r ig o ro u s .
The s i g n i f i c a n t  d i f f e r e n c e s  t h a t  w ere found a c ro s s  t r i a l s  w ere n o t 
u n ex p ec ted , b e in g  in  g e n e ra l agreem ent w ith  th e  l i t e r a t u r e  (A stran d  & 
R odahl, 1977; Donald e t  s i . ,  1967; F re y sc h u ss , 1970; Kilbom & P e rs so n , 
1981; L ind & M cN icol, 1967a). The a c c e le r a t io n  o f  HR a t  th e  o n se t o f  
s t a t i c  e x e rc is e  i s  a r e s u l t  o f  v a g a l w ith d raw a l and to  a  fu n c t io n  o f  th e  
p e rc e n ta g e  o f  MVC in v o lv ed  (S hepherd , B lom qv ist, L in d , M itc h e l l ,  & 
S a l t l n ,  1981). B es id es  v a g a l w ith d ra w a l, t h i s  c o n t ra c t io n  a l s o  caused  
in c re a s e d  sy m p a th e tic  a c t i v i t y ,  th e  com bination  in c re a s in g  HR to  th e  , 
a p p ro p r ia te  l e v e l  w ith in  seco n d s . In c re a s e d  HR and th e  sq u e e z in g -o u t 
o f  venous b lo o d  from  th e  m uscles a t  th e  b e g in n in g  o f  th e  s t a t i c  e x e rc is e
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D y n a m i cS t a t i c C o m b i n a t i o n
WORK TYPE
F i g u r e  1. M e a n t  a n d  s t a n d a r d  e r r o r s  f o r  HR ( g r o u p  x  t r i a l )
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in c re a s e  venous r e tu r n  to  th e  h e a r t  and a r e  r e s p o n s ib le  f o r  th e  ra p id
*
In c re a s e  in  SV and Q.
The s u b je c t s  in  t h i s  s tu d y  w ere p e rfo rm in g  a t  20% MVC, so  th e  HR 
re sp o n se  was s l i g h t .  D uring dynamic w ork, th e  HR t y p i c a l l y  In c re a s e s  
l i n e a r l y  w ith  In c re a s in g  w orkload  and may re a c h  maximal l e v e l s  s h o r t ly  
b e fo re  e x h a u s tio n  o c c u rs  (A stran d  & R odahl, 1977 ). The s u b je c ts  in  t h i s  
s tu d y  w ere w orking a t  o n ly  30% V02 max, so  o n ly  sm a ll In c re a s e s  w ere 
observed  in  HR re sp o n se . The m e ta b o lic  demand o f  th e  l a r g e  m uscle  mass 
used  In  w alk in g  a t  30% VO2  max would c l e a r ly  b e  much g r e a te r  th a n  th a t  
r e q u ire d  to  h o ld  a  s t a t i c  c o n t ra c t io n  o f  a  sm a ll m uscle group a t  20%
MVC. T h is , r a th e r  th a n  d i f f e r e n c e s  In  v a g a l w ith d raw a l a n d /o r  sympa­
t h e t i c  s t im u la t io n ,  p ro b a b ly  c o n s t i t u t e s  th e  p rim ary  cau se  o f  observ ed  
d i f f e r e n c e s ,  a lth o u g h  th e  o th e r  f a c to r s  m entioned may c o n t r ib u te .
H eart r a t e s  f o r  com bination  work w ere s i g n i f i c a n t l y  h ig h e r  th a n  
f o r  e i t h e r  s t a t i c  o r  dynamic work a lo n e .  T h is  I s  in  agreem ent w ith  
Jackson  e t  a l .  (1973) and Sanchez e t  a l .  (19 7 9 ). However, Kilbom &
P e rsso n  (1981) re p o r te d  t h a t  a t  com bination  work above 95% max th e  
HR re sp o n se  was u n a f fe c te d  by th e  s t a t i c  component to  a  near-m axim al 
sy m p a th e tic  a c t i v a t io n .  A t l e v e l s  l e s s  th a n  95% VO2  max com bination  
work does p roduce  an  a d d i t iv e  s t r e s s  on th e  c a rd io v a s c u la r  sy stem , w hich 
was ev id en ced  In  th e  p r e s e n t  s tu d y . That th e  s t r e s s  I s  a d d i t iv e  does 
n o t  mean t h a t  HR re sp o n se  to  com bination  work co u ld  be  p r e d ic te d  by 
ad d in g  in c re m en ts  above r e s t i n g  l e v e l  from  th e  o th e r  two b o u ts .  T here 
a r e  com plex I n te r a c t io n s  among n e u r a l  and m e ta b o lic  c o n t ro l  mechanisms 
f o r  com bination  work w hich  w ere n o t  I n v e s t ig a te d  i n  t h i s  s tu d y ,  and 
c o n s t i t u t e  a  c h a l le n g e  f o r  f u r th e r  r e s e a r c h .
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No s ig n i f i c a n t  d i f f e r e n c e s  In  HR o c c u rre d  among th e  3 g ro u p s , 
in d ic a t in g  th a t  a e ro b ic  f i t n e s s  p ro b ab ly  does n o t a f f e c t  th e  d eg ree  to  
w hich a  p e rso n  re sp o n d s  to  th e  t h r e e  e x p e rim e n ta l t r e a tm e n ts  (F ig u re  1 ) .  
I t  h as  been c l e a r ly  e s ta b l i s h e d  t h a t  HR re sp o n se s  to  a b s o lu te  l e v e l s  o f  
work a r e  In v e r s e ly  r e l a t e d  to  f i t n e s s  l e v e l  (C lau sen , 1976 ), b u t 
a p p a re n tly  in  e x e rc is e  r e l a t i v e  to  In d iv id u a l  c a p a c i t i e s ,  re sp o n se s  a r e  
u n re la te d  to  a e ro b ic  f i t n e s s .  Use o f  a b s o lu te  lo a d s  would c e r t a in l y  
e l i c i t  s i g n i f i c a n t  group d i f f e r e n c e s  i n  dynamic w ork , b u t  re sp o n se s  to  
s t a t i c  and  combined e x e r c is e  would b e  o f  i n t e r e s t .  A nother p o in t  th a t  
shou ld  be exam ined i s  th e  d eg ree  to  w hich B lm lla r  r e s u l t s  would be  
o b ta in e d  i f  h ig h e r  r e l a t i v e  lo a d s  w ere u sed .
Blood P re s su re
S y s to l ic  b lo o d  p re s s u re  was s i g n i f i c a n t l y  ( p < .0 5 )  h ig h e r  f o r  a l l  
g roups d u rin g  com bination  w ork (F ig u re  2 ) .  T h is  e le v a t io n  i s  a  r e s u l t  
o f  an  in c re a s e d  c a rd ia c  o u tp u t t h a t  must be  moved in to  th e  a r t e r i a l  
t r e e  a g a in s t  a  s i g n i f i c a n t l y  g r e a te r  p e r ip h e r a l  r e s i s t a n c e .  R e s is ta n c e  
to  b lo o d  flow  o c c u rs  l o c a l l y  when s t a t i c  c o n t r a c t io n s  cau se  a  m ech an ica l 
h in d ra n c e  to  flow  by h ig h e r  In tra m u sc u la r  p r e s s u re s  (Asmussen, 1981).
In  a d d i t io n ,  a  g e n e ra l  v a s o c o n s t r ic t io n  o c c u rs  i n  In a c t iv e  t i s s u e s  
d u rin g  dynamic work (L ind & M cNicol, 1967a; P e rez -G o n za lez , 1981 ).
These f a c t o r s  I n t e r a c t  t o  n e c e s s i t a t e  a  h ig h e r  d r iv in g  f o r c e ,  th e  
p e r fu s io n  p r e s s u re .
No s i g n i f i c a n t  d i f f e r e n c e s  w ere found betw een th e  SBP responses^ 
to  s t a t i c  and dynamic work (F ig u re  2 ) .  The l i g h t  s t a t i c  c o n t ra c t io n s  
(20% MFC) caused  o n ly  s l i g h t  In c re a s e s  i n  HR (12 b e a ts  •min” *-) and Q, 
and re q u ire d  o n ly  m ild  p e r fu s io n  p r e s s u re s  t o  overcome in tra m u sc u la r
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S t a t i c  D y n a m i c
TYPE OF WORK
C o m b i n a t i o n
F i g u r e  2 . M e a n s  a n d  s t a n d a r d  e r r o r s  f o r  s y s t o l i c  a n d  
d i a s t o l i c  b l o o d  p r e s s u r e  ( g r o u p  x t r i a l  ).
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t e n s io n s .  S im i la r ly ,  th e  dynamic work was m ild  (30% V02 max) which 
d id  n o t In c re a s e  HR s u b s t a n t i a l l y  (34 b e a ts •m ln "^ )  o v er r e s t .  E v id e n t-  
l y ,  th e  low er HR w ith  th e  g r e a te r  p e r ip h e r a l  r e s i s t a n c e  was e q u iv a le n t 
to  th e  s l i g h t l y  h ig h e r  HR and low er r e s i s t a n c e  in  te rm s o f  demands 
f o r  p e r fu s io n  p r e s s u re .
No s ig n i f i c a n t  group d i f f e r e n c e s  ( p ^ .0 5 )  In  SBP re sp o n se s  w ere 
e v id e n t ,  I n d ic a t in g  t h a t  a e ro b ic  f i t n e s s  l e v e l  does n o t a l t e r  th e  SBP 
re sp o n se  to  th e  th r e e  ty p e s  o f  work exam ined. T h is  I s  In  c o n t r a s t  to  
l i t e r a t u r e  r e p o r t in g  t h a t  SBP i s  low ered  a t  r e s t  and d u rin g  e x e rc is e  
fo llo w in g  a e ro b ic  t r a i n in g  (F r ic k  e t  a l . ,  1963; Montoye e t  a l . ,  1972 ). 
One e x p la n a tio n  f o r  t h i s  d if f e r e n c e  m ight b e  t h a t  th e  u se  o f  r e l a t i v e  
r a t h e r  th a n  a b s o lu te  lo a d in g  d id  n o t  s i g n i f i c a n t l y  s t r e s s  th e  s u b je c t s ' 
p r e s s u r e  r e g u la t in g  mechanisms to  cau se  d i f f e r e n c e s  a t  th e s e  low  work 
l e v e l s .  I t  would be o f  I n t e r e s t  to  o b se rv e  th e  a f f e c t  o f  a b s o lu te  lo a d s  
on SBP un d er th e s e  th r e e  e x p e rim e n ta l c o n d i t io n s .
The d i a s t o l i c  b lo o d  p re s s u re  f o r  a l l  g roups was most e le v a te d  
d u rin g  s t a t i c  work (F ig u re  2 ) ,  i n  agreem ent w ith  th e  l i t e r a t u r e  ( T u t t le  
& H o rv a th , 1957; Whlpp & D av is , 1970). S t a t i c  work in c re a s e s  DBP a s  a  
r e s u l t  o f  th e  In c r e a s e s  In  HR and Q w hich p ro v id e  a  g r e a te r  p e r fu s io n  
p r e s s u r e .  T h is  com pensates f o r  th e  in c re a s e d  p e r ip h e r a l  r e s i s t a n c e  
caused  by com pression  o f  b lo o d  v e s s e l s  (L ind  e t  a l . ,  1 9 6 4 ). D ia s to l ic  
b lo o d  p re s s u re  was s i g n i f i c a n t l y  low ered  (g«C .05) d u rin g  dynamic work 
com pared to  B ta t ic  work (F ig u re  2 ) .  T h is  i s  c h a r a c t e r i s t i c  o f  t h i s  
ty p e  o f  e x e r c is e  and r e f l e c t s  th e  g e n e ra l iz e d  v a s o d i la t io n  o c c u rr in g  
in  th e  a c t iv e  t i s s u e  a lo n g  w ith  rem oval o f  th e  m ech an ica l o b s t ru c t io n  
caused  by h ig h  in t ra m u s c u la r  p r e s s u re s  In  s t a t i c  w ork.
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D uring com b in atio n  work th e  DBF was s i g n i f i c a n t l y  In c re a se d  above 
t h a t  found d u r in g  dynamic w ork, b u t was s t i l l  s i g n i f i c a n t l y  low er th a n  
t h a t  m easured d u rin g  s t a t i c  w ork. A c tiv e  t i s s u e  v a s o d i la t io n  from  th e  
dynamic component o f  com bination  work may acco u n t f o r  t h i s  reduced  
re sp o n s e . D uring dynamic w ork, th e  main d e te rm in a n ts  o f  th e  BF 
re sp o n se  a r e  Q and p e r ip h e r a l  r e s i s t a n c e .  N orm ally , SBP and mean 
a r t e r i a l  p re s s u re  In c r e a s e  when Q in c re a s e s  in  re sp o n se  to  a  r i s e  in  
HR. D uring t h i s  re s p o n s e , v a s o d i l a t io n  In  th e  a c t iv e  m uscles and v a so ­
c o n s t r i c t i o n  in  th e  i n a c t iv e  r e g io n s  o c c u r , c o n t r o l l i n g  changes In  DBP 
and SBF. However, d u r in g  com bination  work th e  norm al b a la n c e  betw een 
v a s o c o n s t r ic t io n  and v a s o d i la t io n  i s  u p se t by th e  s t a t i c  com ponent. 
S tau n to n  e t  a l .  (1964) p o s tu la te d  t h a t  th e  d i a s t o l i c  p r e s s u r e  r e f l e x  
o p e ra te d  such t h a t  p e r fu s io n  p r e s s u r e  p ro g re s s iv e ly  In c re a s e d  a s  b lood  
flow  became In a d e q u a te  f o r  m e ta b o lic  re q u ire m e n ts  o r  f o r  th e  rem oval 
o f m e ta b o l i te s .  A lso , w ith  s t a t i c  c o n t r a c t io n s ,  h in d ra n c e  to  b lo o d  
flow  o c c u rs  by  th e  In c re a se d  p e r ip h e r a l  r e s i s t a n c e  and DBP I n c r e a s e s .
No s i g n i f i c a n t  group d i f f e r e n c e s  ( £ < .0 5 )  w ere fo u n d , su g g e s tin g  
t h a t  a e ro b ic  f l tn e s B  does n o t a f f e c t  DBP re sp o n se  to  s t a t i c ,  dynam ic, 
o r  co m b in a tio n  w ork, a t  l e a s t  when th e  work b o u ts  a r e  s e t  a s  p e rc e n ta g e s  
o f  «HATr<n>iim c a p a c i t i e s .  The q u e s tio n  rem ains a s  t o  th e  re sp o n se s  to  
a b s o lu te  lo a d in g  a t  v a r io u s  l e v e l s  o f  work.
P re s s u re  B a te  P ro d u c t
P re s s u re  r a t e  p ro d u c t (SBP x  HR/100) r e s u l t s  f o r  s t a t i c ,  dynam ic, 
and com b in atio n  work w ere a l l  s i g n i f i c a n t l y  d i f f e r e n t  ( £ < .0 5 )  (F ig u re  
3 ) .  The PRP f o r  a l l  g roups In c re a s e d  s h a rp ly  from  s t a t i c  to  dynamic 
work and from  dynamic to  com bination  w ork. B ecause PRP i s  d i r e c t l y
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195
190
185
180
175
170
165
160
155
150
145
140
135
130
125
120
115
110
105
100
x = H i g h  V O 2  m a x  
o = M o d  V O j  m a x  
o = L o w  V Q 2 m a x
T w■ I a
S t a t i c  D y n a m i c  C o m b i n a t i o n
TYPE OF W O R k
F i g u r e  3 .  M e a n s  a n d  s t a n d a r d  e r r o r s  o f  m a x i m u m  p r e s s u r e  
r a t e  p r o d u c t s  ( g r o u p  x t r i a l ) . '
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r e l a t e d  to  oxygen consum ption by th e  h e a r t ,  t h i s  In d ic a te d  th a t  th e  
m y o card ia l oxygen demands w ere g r e a t e s t  d u rin g  com bination  work and 
l e a s t  d u rin g  s t a t i c  w ork.
These f in d in g s  a r e  In  agreem ent w ith  th o s e  o f  H a ls s ly  e t  a l .
(1 9 7 4 ), Jackson  e t  a l .  (1 9 7 3 ), L ind & McNlcol (1 9 6 7 a), and Robinson 
(1967) who re p o r te d  t h a t  com bination  work had a  h ig h e r  p h y s io lo g ic a l  
c o s t  (HR and O2  u p ta k e ) th a n  e i t h e r  s t a t i c  o r  dynamic work a lo n e . The 
c a rd io v a s c u la r  sy stem  responds w ith  an  In c re a s e  In  SBP and HR w hich In  
tu r n  r e s u l t s  In  a  s ig n i f i c a n t l y  In c re a s e d  PRP.
W ith s i g n i f i c a n t l y  h ig h e r  SBP and HR In  com bination  w ork, I t  was 
I n e v i t a b le  t h a t  th e  h ig h e r  PRP fo r  t h a t  ty p e  o f  work shou ld  o c c u r , PRP 
b e in g  computed by SBP x HR t  100. A lso , b ecau se  SBP f o r  s t a t i c  and 
dynamic work was s im i l a r ,  PRP fo r  th e s e  c o n d it io n s  r e f l e c t e d  s ig n i f i c a n t  
HR d i f f e r e n c e s .  The im portance  o f  u s in g  PRP l i e s  In  i t s  b e in g  a  much 
more v a l id  p r e d ic to r  th a n  HR o r  SBP a lo n e  o f  m y o card ia l demand and 
In s u f f ic ie n c y  o f  oxygen. The la r g e  and s ig n i f i c a n t  d i f f e r e n c e s  r e f l e c t  
a  c r i t i c a l  p o in t ,  t h a t ,  w ith  r e s p e c t  to  t h i s  in d ic a to r  o f  m y o card ia l 
n eed  f o r  oxygen, com bination  work t r i g g e r s  s ig n i f i c a n t  and m ean ing fu l 
In c rem en ts  In  PRP above b a s e l in e s  s e t  by e i t h e r  s t a t i c  work o r  dynamic 
work a lo n e . I t  I s  em phasized th a t  t h i s  I s  t r u e  f o r  l i g h t  work combina­
t i o n s ;  th e  o c c u rre n c e  o f  " a i r p o r t  a n g in a "  un d er more se v e re  c o n d it io n s  
i s  u n d e rs ta n d a b le . In  a d d i t io n ,  m y o card ia l supp ly  and demand a r e  a ls o  
a  fu n c t io n  o f  r e l a t i v e  f i t n e s s ;  w hat m ight be an  a c c e p ta b le  PRP and 
oxygen demand f o r  th e  f i t  h e a r t  m igh t be  d e a d ly  to  one who s u f f e r s  from  
some p a th o lo g ic a l  c o n d i t io n .
U n ex pected ly , th e r e  w ere no s ig n i f i c a n t  d i f f e r e n c e s  betw een g ro u p s , 
su g g e s tin g  t h a t  a e ro b ic  c a p a c ity  does n o t a f f e c t  th e  PRP re sp o n se  to
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work In  s ta n d a rd iz e d  work r e l a t i v e  to  I n d iv id u a l  maxima. T h is I s  
c o n t ra ry  to  th e  f in d in g s  o f  Boyer (1 9 7 2 ), B usk lrk  (1 9 7 3 ), F r ic k  (1968), 
and F r ic k  e t  a l ,  (1963) who re p o r te d  t h a t  PBP was low er In  more a c t iv e  
p e rso n s  and co u ld  b e  low ered  by a e ro b ic  t r a i n i n g .  The o b v ious ex p lan a ­
t i o n  f o r  t h i s  d isc re p a n c y  I s  found In  c o n s id e ra t io n  o f  th e  d i f f e r e n c e s  
in  re sp o n se s  to  a b s o lu te  and r e l a t i v e  lo a d s .
V02 Max
S ig n i f i c a n t  d i f f e r e n c e s  in  VO2  max appea red  betw een groups sim ply  
a s  a  c o n d it io n  o f  s u b je c t  ass ignm en t and e x p e rim e n ta l d e s ig n . There 
w ere no s ig n i f i c a n t  d i f f e r e n c e s  ( j> < ,0 5 ) in  V02 max betw een th e  f i r s t  
t e s t  (dynam ic work o n ly ) and th e  second t e s t  (dynamic p lu s  s t a t i c  work) 
(T ab le  2 ) .  The f a c t  t h a t  th e s e  means would be  s i g n i f i c a n t l y  d i f f e r e n t  
I f  c o n s id e re d  a t  an  a lp h a  o f  .20  may j u s t i f y  f u r th e r  I n v e s t ig a t io n  on 
th e  e f f e c t s  o f  s t a t i c  c o n t r a c t io n s  on V02 max. C e r ta in ly ,  b o th  p r a c t i ­
c a l  and t h e o r e t i c a l  q u e s tio n s  a r i s e  In  exam ining th e  r e l a t io n s h ip .
I t  would ap p ea r t h a t  when s t a t i c  and dynamic work a r e  com bined,
«
an  In c re a s e  in  V02 max sh o u ld  o ccu r due to  th e  In c re a s e d  b lood  flow  to  
th e  a c t i v e  m uscles caused  by th e  h ig h e r  p e r fu s io n  p r e s s u re  e l i c i t e d  by 
th e  s t a t i c  com ponent. However, th e  r e s u l t s  I n  t h i s  s tu d y  d id  n o t 
su p p o rt t h i s  th e o ry .  The ty p e  and i n t e n s i t y  employed in  c o n ju n c tio n  
w ith  dynamic work d id  n o t s i g n i f i c a n t l y  a f f e c t  V02 max.
Kilbom & P e rsso n  (1981) e v a lu a te d  th e  re sp o n se s  t o  combined s t a t i c  
h an d g rip  a t  20% MFC and dynamic le g  e x e r c is e  a t  l e v e l s  o f  25%, 45%, and 
95% o f  V02 max. T h e ir  r e s u l t s  In d ic a te d  t h a t ,  a s  maximal oxygen u p ta k e  
was ap p ro ach ed , th e  HR and BP re sp o n se  to  h a n d g rip  c o n t r a c t io n s  was 
p r o g r e s s iv e ly  l e s s  m arked. At 95% o f  V02 max, th e  B y s to llc  BP re sp o n se
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T ab le  2
Means and S tan d ard  D e v ia tio n s  f o r  
VO2  max (m l* k g -l.m in - l )
Work Type H igh $ ( > 2  max Mod VO2  max Low VO2  max
Dynamic 64 ±3 55 ±1 47 ±5
Dynamic + s t a t i c 65 ±3 56 +2 47 +7
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to  h an d g rip  was a b o lis h e d  p ro b ab ly  a s  a  r e s u l t  o f  a  c o m p e tit iv e  u se  o f  
th e  same p re s s o r  re sp o n se  mechanism by th e  dynamic w ork, and b ecause  th e  
v a s o re g u la to ry  mechanisms in  th e  le g  m uscles c o u n te rb a la n c e d  th e  r i s e  
in  BF.
T h is  e x p la n a tio n  co u ld  w e ll  be  th e  re a so n  th a t  th e r e  was no s ig ­
n i f i c a n t  in c re a s e  i n  VOj max in  t h i s  s tu d y . Because th e  s u b je c ts  d id  
n o t b eg in  t h e i r  s t a t i c  c o n t ra c t io n  u n t i l  th e y  w ere a t  o v e r 90% VOg max, 
th e  p o t e n t i a l  a d d i t iv e  BP re sp o n se  from  th e  s t a t i c  work was a b o l is h e d , 
and th e  In c re a s e  in  p e r fu s io n  p r e s s u re  w hich shou ld  have enhanced oxygen 
d e l iv e ry  to  th e  m uscles was n o t  p r e s e n t .  P o s s ib ly ,  had th e  s u b je c ts  
perform ed th e  s t a t i c  c o n t r a c t io n  a t  low er p e rc e n ta g e s  o f  VO2  max, 
s ig n i f i c a n t  d i f f e r e n c e s  m ight have been  o b se rv ed . However, i t  was th e  
pu rp o se  o f t h i s  s tu d y  to  e v a lu a te  th e  e f f e c t s  o f  s t a t i c  c o n t ra c t io n s  
d u rin g  maximal work to  d e te rm in e  w hether any In c re a s e s  in  VO2  max would 
o ccu r w hich m igh t have im p lic a t io n s  f o r  a t h l e t i c  perfo rm ance .
Summary and C onclusions
The r e s u l t s  i n d i c a te  t h a t  a e ro b ic  f i t n e s s  l e v e l  does n o t a f f e c t  
th e  HR, SBP, DBP, o r  PRP re sp o n se  to  work a t  20% MVC, dynamic work a t  
30% VO2  max, o r  to  a  com bination  o f  th e  s t a t i c  and dynamic work. 
F u rth e rm o re , V02 max was n o t  in c re a s e d  by  th e  a d d i t io n  o f  s t a t i c  work 
d u rin g  a  maximal dynamic t e s t .  However, s t a t i c ,  dynam ic, and combina­
t i o n  work d id  have s ig n i f i c a n t  e f f e c t s  on HR, SBP, DBP, and PRP. H eart 
r a t e  and PRP w ere h ig h e s t  d u rin g  com bination  work and lo w es t d u rin g  , 
s t a t i c  w ork. S y s to l ic  and d i a s t o l i c  b lo o d  p re s s u re  w ere h ig h e s t  d u rin g  
com bination  and s t a t i c  w ork , r e s p e c t iv e ly ,  w h ile  DBP was lo w es t d u rin g  
dynamic w ork . No d i f f e r e n c e s  in  SBP w ere o b serv ed  betw een s t a t i c  and 
dynamic w ork.
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A lthough th e  r e s u l t s  d id  n o t su p p o rt th e  h y p o th e se s  t h a t  h ig h  
V02 max s u b je c t s  w i l l  have reduced  HR, SBP, DBP, and PRP th a n  m oderate 
o r  low V02 max s u b je c t s ,  th e y  d id  su p p o rt th e  l i t e r a t u r e  re g a rd in g  th e  
e f f e c t s  o f  s t a t i c ,  dynam ic, and com bination  work on HR, SBP, DBP, and 
PRP* S t a t i c  work was shown to  e l i c i t  th e  h ig h e s t  In c re a s e s  In  DBP and 
com bination  work caused  th e  h ig h e s t  In c re a s e s  In  SBP, HR, and PRP.
These r e s u l t s  a r e  Im p o rta n t, e s p e c ia l ly  to  p e rso n s  h av ing  c a rd io v a s c u la r  
problem s such  a s  h y p e r te n s io n  o r  a n g in a . A knowledge o f  th e  e f f e c t s  
o f  s t a t i c  and com bination  work on th e  c a rd io v a s c u la r  system  would 
e n a b le  th e s e  p e rso n s  to  l i m i t  t h e i r  a c t i v i t i e s  to  l e v e l s  w hich do n o t 
r e s u l t  in  dangerous c a rd io v a s c u la r  ch anges.
T h is  s tu d y  has  p re s e n te d  a  number o f  a r e a s  in  w hich a d d i t io n a l
r e s e a r c h  shou ld  be p u rsu e d . A q u e s tio n  rem ains a s  to  th e  re sp o n se s  to
a b s o lu te  lo a d in g  a t  v a r io u s  l e v e l s  o f  w ork. The r e s u l t s  su g g e s t t h a t ,
a t  a b s o lu te  lo a d s ,  d i f f e r e n c e s  in  HR, SBP, DBP, and PRP m ight ap p ea r in
s u b je c t s  h av in g  d i f f e r e n t  V02 max l e v e l s .  F u rth erm o re , th e  d i f f e r e n c e s  
*
in  VO2  max l e v e l s  betw een dynamic work and dynamic p lu s  s t a t i c  work 
j u s t i f y  f u r th e r  in v e s t ig a t io n  u s in g  s t a t i c  c o n t ra c t io n s  a t  low er 
p e rc e n ta g e s  o f  V02 max. The p o s s i b i l i t y  s t i l l  rem ains t h a t  a  s t a t i c  
c o n t ra c t io n  m ight b e n e f i t  perfo rm ance by in c re a s in g  V02 max i f  th e  
s t a t i c  c o n t r a c t io n  i s  perfo rm ed  a t  low er l e v e l s  o f  V02 max th a n  w ere 
u sed  in  t h i s  s tu d y .
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T a b l e  A l 
D e p e n d e n t  V a r i a b l e s  b y  S u b j e c t
S t a t i c  a n d  D ynam ic  W ork
S u b j e c t  G ro u p T r i a l HR SBP DBP PRP
1 1 1 84 121 95 1 02
2 1 1 78 121 88 94
3 1 1 68 134 97 91
4 1 1 75 133 89 1 0 0
5 1 1 76 1 3 9 89 99
6 1 1 73 147 91 107
7 1 1 94 128 75 1 2 1
8 1 1 96 122 71 117
9 2 1 90 1 2 6 95 1 12
10 2 1 104 151 112 158
11 2 1 82 147 95 121
12 2 1 94 1 3 9 102 1 31
13 2 1 69 1 15 81 80
14 3 1 64 1 3 9 89 89
15 3 1 92 1 4 0 101 129
16 3 1 88 1 1 0 81 95
17 3 1 83 125 87 103
18 3 1 71 135 101 97
1 1 2 105 137 60 144
2 1 2 91 1 4 5 67 1 3 2
3 1 2 88 133 64 117
4 1 2 86 123 61 1 0 6
5 1 2 1 0 5 153 65 1 6 0
6 2 68 131 62 89
7 1 2 106 1 2 1 55 127
8 1 2 1 3 0 1 3 5 60 1 7 6
9 2 2 113 128 65 1 4 5
10 2 2 1 3 6 1 41 71 1 92
11 2 2 1 05 1 31 64 137
12 2 2 1 0 9 1 4 9 71 1 6 2
13 2 2 95 123 60 1 1 6
14 3 2 82 141 64 1 1 6
15 3 2 97 1 21 73 117
16 3 2 95 101 64 1 0 0
17 3 2 131 1 4 9 65 1 9 5
18 3 2 98 127 83 124
G ro u p
G ro u p
G ro u p
a
1 ■ H lg h t V02 max
2 ■ Mod y 0 2 max
3 ■ Low VO2  max
T r i a l
T r i a l
1 -
2 -
S t a t i c
D y n am ic
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T a b l e  A2 
D e p e n d e n t  V a r i a b l e s  by  S u b j e c t
C o m b in a t io n  W ork
S u b j e c t  G ro u p T r i a l HR SBP DBP PRP
1 1 3 1 0 0 135 77 134
2 1 3 89 144 67 129
3 1 3 91 12 5 75 114
4 1 3 107 152 59 163
5 1 3 1 05 1 5 6 78 164
6 1 3 85 1 5 5 87 1 31
7 1 3 111 1 4 9 61 162
8 1 3 124 1 3 9 69 172
9 2 3 114 147 71 167
1 0 2 3 1 50 164 81 24 5
11 2 3 1 10 14 6 86 1 6 0
12 2 3 113 1 5 6 73 1 7 6
13 2 3 97 1 1 6 65 113
14 3 3 8 6 152 78 131
15 3 3 104 141 83 147
16 3 3 1 15 117 65 134
17 3 3 138 153 75 212
18 3 3 103 134 95 138
G ro u p
G ro u p
G ro u p
1 ■ H ig h ,V 0 2 max
2 -  Mod V02 max
3 ■ Low V02 m ax
T r i a l 3 - C o m b in a t io n
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Table A3
Means and Standard Deviations
By Groups and Trials
G ro u p V a r i a b l e
S t a t  i c  
X SD
D y n am ic  
X SD
C o m b in a t io n  
X SD
H ig h  ^ ( > 2  max
HR b e a t s - m i n ” 1 81 10 97 18 101 13
SBP mm Hg 131 9 135 11 144 11
DBP mm Hg 87 9 62 4 72 9
PRP 104 11 132 28 1 4 6 21
M o d e r a te  VOg max
HR b e a t s * m i n “ l 88 13 112 15 117 20
SBP mm Hg 1 36 15 134 11 1 4 6 18
DBP mm Hg 97 11 66 5 75 8
PRP 1 2 0 29 151 29 172 48
*
Low VO2  max
HR b e a t s * m i n ~ l 8 0 12 101 18 109 19
SBP mm Hg 1 3 0 13 128 19 139 1 5
DBP mm Hg 92 9 70 8 79 11
PRP 102 16 1 3 0 37 152 34
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Table A4
Analysis of Variance
for Heart Rate
Source d f MS F
Group 2 703.430 1 .17
E rro r  A 15 602.894
T r i a l 2 3286.772 55.81**
G roup*T ria l 4 45 .457 .77
E rro r  B 30 58.889
T o ta l 53
** g ^ . O l
D uncan 's  M u ltip le  Range T es t ( p . 05)
No s ig n i f i c a n t  Group d i f f e r e n c e s .
S t a t i c  s i g n i f i c a n t l y  d i f f e r e n t  from  Dynamic 
Dynamic s i g n i f i c a n t l y  d i f f e r e n t  from  Com bination 
C om bination s i g n i f i c a n t l y  d i f f e r e n t  from  S t a t i c
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TABLE A5
Analysis of Variance
for Systolic Blood Pressure
Source d f MS F
Group 2 158.422 .44
E rro r  A 15 362.794
T r ia l 2 696.285 8.94**
G roup*T rla l 4 19.839 .25
E rro r  B 30 77.897
T o ta l 53
** g ^ .O l
D uncan 's M u ltip le  Range T es t (p < ..0 5 )
No s ig n i f i c a n t  Group d i f f e r e n c e s .
S t a t i c  s i g n i f i c a n t l y  d i f f e r e n t  from Com bination 
Dynamic s i g n i f i c a n t l y  d i f f e r e n t  from  Com bination 
S t a t i c  n o t s i g n i f i c a n t l y  d i f f e r e n t  from  Dynamic
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Table A6
Analysis of Variance
for Diastolic Blood Pressure
Source d f MS P
Group 2 277.921 1.72
E rro r  A 15 161.358
T r i a l 2 2954.356 100.54**
G roup*T rlal 4 34.353 1 .17
E rro r  B 30 29.384
T o ta l 53
* * p < . 0 1
D uncan 's M u ltip le  Range T e s t (p 05)
No s ig n i f i c a n t  Group d i f f e r e n c e .
S t a t i c  s ig n i f i c a n t l y  d i f f e r e n t  from  Dynamic 
Dynamic s i g n i f i c a n t l y  d i f f e r e n t  from  Com bination 
Com bination s ig n i f i c a n t l y  d i f f e r e n t  from  S ta t i c
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Table A7
Analysis of Variance
for Pressure Kate Product
Source d f MS V
Group 2 2175,563 1 .1 9
E rro r  A 15 1824.495
T r i a l 2 9989.843 33.14**
G roup*T rial 4 50 .621 .17
E rro r  B 30 301.435
T o ta l 53
** b <£.01
Duncan's M ultiple Range Test (p <  .05)
No s ig n i f i c a n t  Group d i f f e r e n c e .
S t a t i c  s i g n i f i c a n t l y  d i f f e r e n t  from  Dynamic 
Dynamic s i g n i f i c a n t l y  d i f f e r e n t  from  Com bination 
Com bination s i g n i f i c a n t l y  d i f f e r e n t  from  S t a t i c
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Table A8
Analysis of Variance
for V02 Max
Source d f MS F
Group 2 960.159 37.19**
E rro r  A 15 25.820
Time 1 6.953 2 ,05
Group*Time 2 .882 .26
E rro r  B 15 3.395
T o ta l 35
** £ < ,0 1
D uncan’ s  M u ltip le  Range T e s t ( p . 05)
Group 1 s i g n i f i c a n t l y  d i f f e r e n t  from  Group 2
Group 2 s i g n i f i c a n t l y  d i f f e r e n t  from  Group 3
Group 3 s i g n i f i c a n t l y  d i f f e r e n t  from  Group 1
VC>2 max (dynam ic) n o t  s i g n i f i c a n t l y  d i f f e r e n t
from  V02 max (dynamic +  s t a t i c )
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T ab le  A9 
W ilk s ' Lambda MANOVA
Source d f W ilk s ' Lambda F
Group 2 ,562 1 .4 5
S ub jec t(G roup) 15
T r i a l 2 .046 34.04***
G roup*T ria l 4 .686 .95
E rro r 30
T o ta l 53
*** p ^ .O O l
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